





2 reasons why engines 
get more power protection 
from Perfect Circle 


1. PERFECT CIRCLE CHROME RINGS 


solve problem of excessive 
oil consumption past pistons! 


P C chrome piston rings are the finest obtainable! 
Top rings and oil rings are plated with thick, solid 
chrome. Entire area of ring travel gets complete 
wear protection, more than doubling life of cylin- 
ders, rings, pistons. No tedious break-in is neces- 
sary because rings are pre-seated at factory. 


SPECIFY P C CHROME RINGS for thousands of extra 
miles of power protection with positive oil control! 


2 = PERFECT CIRCLE VALVE SEALS 


solve problem of excessive 
oil consumption past valves! 


New overhead valve engines develop higher 
compression pressures...and higher deceleration 
vacuum. Increased vacuum draws oil through loose 
or worn valve guides. Avoid this oil loss with new 
Perfect Circle Valve Seals! 


SPECIFY PERFECT CIRCLE VALVE SEALS to control oil 
loss through valve guides in overhead valve engines. 


PERFECT “CIRCLE 


PISTON RINGS AND POWER SERVICE PRODUCTS 
Hagerstown, Indiana Don Mills, Ontario, Canada 
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Instruments measure riding comfort. ........... 26 


Riding comfort, long determined by the seat-of-the-pants method, can 
be evaluated by lab methods. Given sufficient expenditure of man-hours 
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and money, we may yet be able to measure riding comfort electronically. 
(Papers No. 37S and 34T) — J. J. Robson and R. S. Lee, A. C. Bodeau 


How will smaller U.S. cars behave? ............... 28 


There are a number of behavior features in which, to match the abili- 
ties of present imported small cars, the United States industry must 
come from behind. Steering and handling, for example, combine in the 
small car to produce a maneuverability that is brought to a high pitch 
by many European designers. (Paper No. 71T) — Laurence E. Crooks 


3 guides to modern aircraft design | ak. 9 cc 


Quality, reliability, and performance should be emphasized, rather 
than rate of production, in the design of modern aircraft. (Paper No. 
S195) — W. V. Stackhouse 


What operators want in earthmovers __. 33 


Off-highway trucks of larger capacity, giving better performance, and 
costing less to maintain, are what operators seek to reduce their haulage 
costs. (Paper No. S186) —L. J. Morgan, J. M. Clark, H. W. Hartmann, 
C. H. German 


Let’s make military vehicles simple ............. 34 


Simplicity is a major need in the design of military vehicles for to- 
morrow’s battlefields. These vehicles must be simple to maintain, trans- 
port strategically, and manufacture. (Paper No. 67T) —Gen. H. W. 
Johnson 


If a jet decompresses, then what? _.. 36 


Loss of pressure in a jet aircraft can be serious for both crew and 
passengers — how serious depends upon the time factor which, in turn 
depends on the size of the hole in the aircraft in relation to the volume 
of the cabin. (Paper No. 51T) —C. P. Seitz and F. Elliott 


2-stroke engines use ashless detergents ...... 38 


Ashless detergents have been found to perform very well in 2-stroke 
engines. Laboratory tests of scooter engines, outboard motors, and en- 
gines powering chain saws all indicate that this type of additive could 
provide control of carbonaceous deposit without promoting spark-plug 
fouling and preignition. (Paper No. 65V) —L,. O. Bowman and R. W. 
Burchell 


Nuclear ion rocket for space ships .... 40 


The nuclear turboelectric ion propulsion system is one of the most 
promising ways to produce thrust for practical, efficient space vehicles 
operating over long distances in the Solar System. (Paper No. 63S) — 
Victor P. Kovacik and Daniel P. Ross 


Turbine engine shows promise for VTOL's 43 

Just a few changes would make the turbine engine an admirable 
powerplant for VTOL aircraft. (Paper No, 64T) — James A. O’Malley, 
Jr. and Arthur M. Jackes 


How to help turbochargers last longer .. — 


The do’s and don’ts for service and maintenance of turbochargers are 
itemized in this article. (Paper No. S159) — James A. Hardy 


Producing electronic equipment 46 

The job-shop nature of electronic guidance and control manufacturing 
need not condemn it to expensive job-shop methods across the board — 
if imagination is applied to tactical problems of standardization. (Paper 
No, 45S) — H. E. Rice 


To order papers on which articles are based, see p. 6. 
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Pilots need new skills to fly new jets ........... 48 
This is the second of two articles discussing aspects and implications 
of the new regulations for operating jet transports — SR-422A. In the 
present article the emphasis is on the pilot’s problems and point of view. 
(Paper No. 60S) — Weldon E. Rhoades and Richard E. Coykendall 


Rumble and thud in high C.R. engines............ 51 

Rumble is a noise associated with bending vibration of the crankshaft, 
investigation shows. The vibrations are caused by abnormally high rates 
of pressure rise near the top dead center piston position. Thud is a tor- 
sional vibration of the crankshaft, similar in sound to rumble but result- 
ing from much earlier occurrences of the maximum rates of pressure rise. 
(Paper No. 78T) —E. S. Starkman and W. E. Sytz 


How Allison designed the model 250 engine 54 


Allison designed their 250-hp gas turbine (for propeller or helicopter 
drive) with a number of unusual features. (Paper No. 49R) — R. S. Hall 


Jet engine reliability can be improved ........... 57 

A study of parts replacement during major overhaul of jet engines has 
revealed, for example, that 60% of the engines of one type required 
burner component replacement, while in another engine 80% of the 
turbine sections had to be replaced. (Paper No. 49T) —S. S. Manson, 
G. M, Ault, and B. Pinkel 


Buy a new machine? Facts, judgment help ..... 61 

Today managements are calling for facts and figures to point the way 
or to sustain or dispute their judgments. Some of the more factual ap- 
proaches taken to guide decisions are listed in this article. (SP-326) — 
A. T. Blackburn 


Machining AM-350 stainless steel evaluated 62 

This article on AM-350 stainless steel, solution treated and aged, is 
the result of an Air Force program set up to evaluate the machining 
characteristics of the more commonly used high-strength thermal-re- 
sistant materials. (Paper No. 43R) —P. R. Arzt, J. V. Gould, and J. 
Maranchik, Jr. 


Low-cost engines for lube testing ................ 64 

As a direct result of investigations into methods for evaluating lubri- 
cating oils, the Institute of Petroleum has selected three inexpensive en- 
gines for test purposes (Paper No. 66U) — Norman Kendall 


Solid-fuel engine thrust can be controlled 66 

Thrust magnitude variation in solid-propellant engines can be con- 
trolled by variable orifice or variable-nozzle throat systems. They work 
by control of chamber pressure. (Paper No. 59T) —J. S. Gates and 


S. L. Pinto 


Manned interceptors or missiles ? a Oe 

Do ground-launched missiles or manned interceptor aircraft give the 
most defense per dollar? In some tactical environments, the answer 
may be, a combinaton of both . . . since the problem is as much related 
to geography as to characteristics of the weapon systems. (Paper No. 
61R) — Herbert K. Weiss 


Effects of lube oils on 2-stroke engines .......... 72 


Lubricants affect the combustion and the fuel system of 2-stroke en- 
gines much more than they do 4-stroke engines. (Paper No. 65U) — 
H. V. Lowther, G. H. Shea, and K, C. Kresge 
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The Society is not responsible for statements or 


reveals that European producers frequently solve their automation 
problems differently from American producers (Paper No. 75T) — 
P. E. Bezier 
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opinions advanced in papers or discussions at its 
meetings or in articles in SAE Journal. 

A complete index of all Journal technical arti- 
cles, from January through December, will ap- 
pear in the December issue. All Journal technical 
articles are indexed by Engineering Index, Inc. 
SAE Journal is available on microfilm from Uni- 
versity Microfilms, Ann Mich. 

Copyright 1959, Society of Automotive Engi- 
To order papers on which articles are based, see p. 6. neers, Inc. 
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Photo: Courtesy Berkeley Pump Co. 


"Ng Boll Bearings Help Cur Size... 


Lower Cos?s “250 Per Purnp! 


CUSTOMER PROBLEM: 


Redesign utility water pump for Air Con- 
ditioner market. Conversion must achieve 
smaller size without reducing pump capac- 
ity. At the same time, customer must lower 
over-all production costs. 


SOLUTION: 


N/D Sales Engineer suggested the versa- 
tile New Departure fan and pumpshaft 
ball bearing. This compact precision 
bearing permitted use of over-the-housing 
pulleys with belt load located over the 
raceway. Its integral shaft, which is the 


Nez 


inner race, simplified design and helped 
reduce housing size without changing pump 
capacity. In addition, the sealed and lubri- 
cated-for-life bearing replaced two sealed 
bearings, separate shaft and snap rings 
. . cutting part and assembly-time costs 
$2.50 per pump. 
Perhaps one of New Departure’s wide 
selection of production ball bearings will 
help give your product the sales appeal and 
cost savings you’re looking for. For more 
information, call the New Departure Sales 
Engineer in your area or write Dept. D-7. 
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DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING ROLLS L/KE A BALL 
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IN THE MINDS 
OF ENGINE MAKERS... 


FRAM RANKS A/2S7/ 


More engine makers install FRAM at the factory than any 
other filter. Over 400 of them now rely on FRAM— 
for original filter research and development... for highest 
quality filter construction and material...and for profes- 
sional advice on all filtration problems! 


<TFS> Anyway you look at it...FRAM ranks first! 


@ More drivers prefer FRAM than any other brand! 
; wn , 
@ More car makers install FRAM as original equipment! és are omente  waTER 


@ More than 400 engine manufacturers specify FRAM 
—more than any other filter! 


FRAM CORPORATION, Providence 16, R. I. 
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SAE PAPERS 


Presented here are brief digests of recently 
presented SAE papers. These papers are avail- 
able in full in multilith form for one year after 
presentation. To order, circle the numbers in 
the “Reader Information Service’’ blank on 
page 6 corresponding to the numbers appearing 
after the titles of the digests of interest to you. 





AIRCRAFT 


Study of Self-Contained Starting 
Systems for Turbojet and Turboprop 
Engines, H. R. SCHMIDER, J. H. FER- 
GUSON, Jr. Paper No. 48T. While 
small jet engines can be started with 
electric starting equipment, new meth- 
ods are needed for starting turbojets 
and turboprops; starting equipment 
available for use in self-contained sys- 
tems employing various methods of gas 
generation such as combustion of fuel 
air mixture, burning of solid monopro- 
pellant, and decomposition of liquid 
monopropellant; factors to consider in 
selection; relative characteristics of 
systems. 


Investigations of Acoustic, Thrust, 
and Drag Characteristics of Several Jet 
Noise Suppressors, E, E. CALLAGHAN. 
Paper No. 57R. Review of basic pa- 
rameter governing noise generation by 
turbulence and research work under- 
taken in effort to reduce fluctuating 
velocities in jet and reduce its noise 
output; development of suppressor de- 
sign techniques and improvement in 
acoustic design of suppressors achieved 
by use of ejectors; typical acoustic re- 
sults, obtained at Lewis Research Cen- 
ter, are shown; merits of lobed nozzle 
ejector suppressor. 


Rectangular Nozzles for Jet Noise 
Suppression, J. M. TYLER, T. G. SOF- 
RIN. Paper No. 57T. Results of ex- 
tensive development program under- 
taken at Pratt & Whitney Div. of 
United Aircraft Corp. on rectangular 
type suppressor are presented in terms 
of current criteria; importance of sev- 
eral factors in step by step process of 
converting static noise test results into 
data indicating annoyance effect of jet 
noise to community; graphs. 


Pyrophorics for Aircraft Propulsion 
— Their Promise and Problems, M. C. 
HARDIN, F. J. VERKAMP. Paper No. 
55R. Discussion of fuels such as 
triethyl aluminum and triethyl boron; 
applications considered include use as 
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prime or additive fuel for ramjets, as 
ignition source for turbojet operations, 
and as prime or diluent fuel for turbo- 
jet afterburners for specific military 
aircraft and missile applications; test 
programs at Allison Div. of General 
Motors with respect to properties of 
fuels and application requirements. 


High Performance Hydrocarbon Fuels 
for Supersonic Propulsion, M. E. CONN, 
W. G. DUKEK,. Paper No. 55S. Study 
of liquid fuels which might insure high 
performance in jet and rocket engines; 
problem of seeking large scale sources 
ofe hydrocarbon fuels from economical 
petroleum sources rather than expen- 
sive chemical syntheses; among hydro- 


carbons, those of polycyclic naphthenic 
type appear to offer best all around 
compromises of high H/C ratio, good 
thermal stability, good low temperature 
properties, low vapor pressure and high 
density. 


Design, Development and Opera- 
tional Experience of Boeing 707 Thrust 
Reverser/Sound Suppressor, J. E. BAR- 
FOOT. Paper No. 57S. Design pro- 
gram of combination suppressor-re- 
verser having internal clamshell type 
reverser mounted between suppressor 
and engine; prototype configuration 
consists of basic pressure vessel mount- 
ing 21 individual nozzles to meet at- 
tenuation requirements of JT-3 en- 
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gine; nozzle attenuation characteris- 
tics; design of 9-tube unit with very 
nearly same attenuation characteristics 
as 21-tube nozzle; test results. 


Non-Air-Breathing Auxiliary Power- 
plants, D. L. COCHRAN, A. T. BIEHL, 
D. R. SAWLE, M. R. GUSTAVSON, 
A. M. TAYLOR. Paper No. 53T. Due 
to shielding considerations nuclear 
auxiliary power systems are primarily 


restricted to satellites and space vehi- 
cles; various types of chemical propel- 
lant mechanical conversions systems 
and problems in nuclear power system 
of missiles, etc, are considered; charac- 
teristics of advanced system operating 
on Rankine liquid vapor condensing 
cycle; thermodynamic properties for 
several applicable fluids. 


Design and Operation of Propulsion 
Systems for Cruise-Type Missiles, 
S. SHRAGE,. Paper No. 54R. Propul- 
sion system of misiles is composite of 
engine, induction and exhaust system, 
engine installation, and fuel system; 
for region of flight within earth’s at- 
mosphere and speeds up to Mach 4 
air-breathing engines are most effi- 
cient; for many applications, gas tur- 
bine is superior to ramjet or of turbo- 
jet, ramjet and rocket; high perform- 
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ance can be attained by matching fixed 
geometry inlet and exhaust system 
with engine characteristics. 


Factors Influencing Application of 
Unconventional Rocket Engine Sys- 
tems, G. 8. GILL, L. KUSAK. Paper 
No. 54S. Factors relating to mechanics 
of engine system such as improvements 
that can be offered by mechanical en- 
gineer, fluid dynamicist; etc; conven- 
tional liquid rocket engine and its com- 
ponents; integrated engine system ap- 
proach to performance improvement 
with unconventional components such 
as spherical thrust chamber, throatless 
thrust chamber, diabatic thrust cham- 
ber, or diverging reactor, and plug and 
spike chambers. 


Place of Solid Propellants in Space 
Vehicle Propulsion, B. F. WILKES. 
Paper No. 55T. Launching require- 
ments and space flight requirements 
are considered with respect to velocity, 
thrust, and guidance and control; it is 
shown that solid propellant motors can 
handle all stages of space boosters and 
missiles, because of their instant readi- 
ness and greater reliability; areas in 
which solid propellant rocket motors 
can be used and five classes of motors. 
30 refs. 


Considerations in Application of 
Evaporative Cooling Systems to Hyper- 
sonic Vehicles, E., KAPLAN. Paper No. 
54T. Problem of efficiently insulating 
evaporatively cooled space which in- 
cludes anything from large manned 
compartment to small electronic black 
box is examined; problem of ducting 
large volumes of vapor produced by 
boiling of evaporant to point of over- 
board discharge; attempt to provide 
simple means of determining minimum 
required duct flow areas for basic con- 
figurations, accounting for effects of 
fluid friction and heat transfer. 


Human Factor Aspects of Decom- 
pression in High Altitude Transport 
Operations, C. P. SEITZ, F. ELLIOTT. 
Paper No. 51T. Problem of loss of 
pressurization in jet operated aircraft; 
merits of pressurized cabins; experi- 
ence on causes of pressure loss, effect 
on passengers, remedial practices, etc; 
decompression incidents of 1945-1957 
tabulated; it is shown that physical ef- 
fects of decompression can be lessened 
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Challenging Engineering Opportunities 
at CATERPILLAR 


be a part of the company building the world’s most complete 
line of earthmoving equipment 


Find the satisfaction of growth and 
stability within a growth com- 
pany — where imaginative men are 
creating products for highway 
construction — industry — farms — 
national defense — products 
which build a better world. 
Caterpillar offers top ranking Research and Develop- 
ment opportunities — stimulating 
assignments — professional 
and personal advancement. You'll 
associate with the leaders and 
pioneers in this field — and have 
A= at your command the finest 
. equipment, laboratories and de- 
velopment facilities. Please write us, tell- 
ing all about yourself. Inquiries 
are confidential, 
of course. 


(Below — New Caterpillar Technical 
Center presently under construction) 
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responsible positions available in 


RESEARCH — DESIGN 
DEVELOPMENT 


GAS TURBINE LABORATORY 
Design, ignition, fuel and combustion systems, 


ENGINE DEVELOPMENT LABORATORY 
Fuel injection, turbocharged engines, combus- 
tion, etc. 


VEHICLE COMPONENTS LABORATORY 
New power shift transmissions, transmissions, 
controls, clutches, final drives. 


VEHICLE DEVELOPMENT LABORATORY 
Quantitative and comparative performance eval- 
uation, soil mechanics, full scale load analysis. 


PRODUCT AND APPLICATION 
ENGINEERING DESIGN 
Engines, systems, fuel injection, tractor, trans- 


§ mission, vehicle configuration, earthmoving ma- 


chinery. 


SEND RESUMES To: 
John A. Myers — SAFJ-79 


Professional and Technical Employment 


CATERPILLAR 
TRACTOR CO. 


PEORIA, ILLINOIS 





UD-236 DIESEL 75 Int. Eng. hp. Inter- 
changeable with UC-221. 


UC-221 CARBURETED 75 Max. 
hp. Interchangeable with UD-236. 


—. 
UD-282 DIESEL 95 Int. Eng. hp. Inter- 
changeable with UC-263. 


UC-263 CARBURETED 95 Max. Eng. 
hp. Interchangeable with UC-282. 


Diesel price barrier broken by 
IH 6-cyl. interchangeable engines 


By making these new interchangeable 95 and 75 hp. 
International engines available in your products, you 
can switch from carbureted to lowest cost diesel power 
without further engineering expense, materials cost and 
layout and shop time. In addition, these compact 6- 
cylinder diesel engines offer the effective staying power 
found only in 4-cycle design. 

Five features make these diesels standouts: 1) direct 
starting; 2) time-proven International pre-cup injector 
with single orifice nozzle for most complete combustion; 
3) a glow plug in each pre-cup speeds starting by heat- 
ing entire fuel-air mixture; 4) diesel injection pump is 
simple and dependable; and 5) an oil temperature sta- 
bilizer that increases engine efficiency. 

Both the UC-263 and UC-221 carbureted engines 
have inherent diesel ruggedness in that each differs 
mainly from its interchangeable diesel counterpart in 
cylinder heads and pistons. 

Features that contribute to smooth, efficient, eco- 
nomical power on gasoline, natural gas and LP Gas in- 


clude: valve-in-head design; best compression ratio for 
each fuel; 18 mm. spark plugs; updraft carburetor and 
top outlet exhaust; low-friction stepped-dome pistons; 
and fully machined combustion chambers for uniform 
power from each cylinder. 

Get complete details on any of these engines by writ- 
ing or calling International Harvester Co., Engine Sales 
Department, Construction Equipment Division, Melrose 


Park, Illinois. 
lnternatronal 
4. Construction 
Loupment 


International Harvester Co., 180 North Michigan Avenue 


A COMPLETE POWER PACKAGE: Crawler and Wheel Tractors ... Self-Propelled 
Scrapers and Bottom-Dump Wagons...Crowler and Rubber-Tired Loaders .. . Off- 
Highway Haulers ... Diesel and Carbureted Engines ... Motor Trucks ... Farm Tractors 
and Equipment. 
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Best Protection 
against Rust 
and Corrosion 


Goodyear Rims with 
exclusive Bond-a-Coat 


The above pictures clearly show the 
protective effect of Goodyear’s ex- 
clusive process —Bond-a-Coat. 


This unique finish—originally proved 
on Goodyear Agricultural Rims — 
keeps rims from rusting. More than 
that, it protects tires, too—helps you 
get maximum mileage out of every 
tire you buy. 

Bond-a-Coat is just one of the rea- 
sons why you’ll find it pays to specify 
Goodyear Rims, both for replace- 
ment and on new equipment. Some 
of the others: 

Unusual strength: Thanks to special 
designs and closer tolerances, bal- 


ance and alignment are greatly 
improved. As a result Goodyear’s 
present-day rims are suited for 
today’s needs. 

Job-Fitted: Goodyear Rims are job- 
fitted. Result: less tread cracking, 
tread wear, reduced sidewall and 
bead failure. 

Special tools: Goodyear provides 
both hydraulic and hand tools espe- 
cially made for modern equipment. 


Talk it over with your local Goodyear 
Rim Distributor. He’ll help you pick 
out the type and size of rim best 
suited to your needs. Or write: 


Your tires go farther on RIMS by 


G.o0o0oDy 


MORE TONS ARE CARRIED ON 
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This Rim was 

protected by 

Bond-a-Coat 
process 


Goodyear, Metal Products Division, 
Akron 16, Ohio. 


lan 
This is how Goodyear stores its rims — 
outdoors — thanks to Bond-a-Coat. 


EAR 


GOODYEAR RIMS THAN ON ANY OTHER KIND 





how much Dust 
can a filter 
collect? 








UP TO 99.99% 


Microscopic barbs on the live fibers of 


of e 
q # & ¥ uses Felt make felt the ideal filtering medium. 


These scales collect and hold dust parti- 


é cles. They also encourage “build-up” or 
BE & FE by He aa iT: caking which actually increases filter effi- 
ciency. At the same time, their natural 
interlocking action holds fibers tightly 


Such efficiency is possible in a Hersey reverse- together, through years of flexing. 
jet filter with particle size of 5 microns and a For helpful engineering information on filtration 


pressure drop of 1% inch of water. felts, write 


Felt can be used to filter solids from solids, WE STE ah 


solids from liquids, or solids from gases. It is Dept. S <a” 
used effectively in fuel filters, air filters, 4021-4139 Ogden Ave. @ 


. . Chicago 23, lil. 6 
chemical filters, respirators, or dust collectors. a K 
MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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National O-Rings are precision made, uniform commercial rings 
available throughout the United States—promptly! Quality is 
superior ; all ingredients are inspected before compounding and 
compounding is strictly controlled for maximum uniformity. 
Molding is done on modern equipment by veterans of 20 years 
in O-Ring manufacture. Every precaution is taken to insure 
that no O-Rings with cuts, scratches or mold defects are shipped. 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio, Redwood City 

and Downey, California 


OL FELTS 
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Atlanta 8, Georgia 

George W. Smith Company 
394 Williams St., N.W. 
JAckson 3-7140 

Chicago (Oak Park) Illinois 
7001 North Avenve 

Village 8-4500 

Cleveland 18, Ohio 

210 Heights Rockefeller Bldg. 
3091 Mayfield Road at Lee 
YEllowstone 2-2720 


Dallas 19, Texas 

Benson Engineering Company 
2514 West Mockingbird Lane 
Fleetwood 2-7541 

Detroit 27, Michigan 

13836 Puritan Avenue 
VErmont 6-1909 


Indianapolis 5, Indianc 
2802 N. Delaware St. 
WaAlnut 3-1535 


Kansas City (Prairie Village) Kansas 
Benson Engineering Co. 

2902 West 72nd Terrace 

ENdicott 2-2843 

Los Angeles (Downey) California 
11634 Patton Road 

TOpaz 2-8163 

Milwaukee 4, Wisconsin 

647 W. Virginia Street 

BRoadway 1-3234 

Red Bank, New Jersey 

16 Spring Street 

SHadyside 7-3242 


Wichita, Kansas 

Benson Engineering Company 
519 So. Broadway 

AMbhurst 2-6971 





Education in High Gear 


Knowledge is the destination of this vehicle — the The high stength and durability of stainless steel ca 
world’s first Mobile Laboratory for Automotive Re- provide greater design freedom, more economical pr¢ 
search and Education. duction and longer service life for all functional aut 


J&L stainless steel is used exclusively for exterior and motive components. 

interior components to help assure long, useful life. J&L leads the industry in melt shop standards fc 
Part of that life will be devoted to gaining a better stainless steel—the point where quality starts, an 
understanding of how stainless steel combats corro- engineering achievement begins. 

sion, provides greater structural strength, reduces 

weight, improves performance. 


This unique Mobile Laboratory was presented to the University of Michigan by The 
International Nickel Company. It was adapted from a 27-foot General Motors Coach 
by lonia Manufacturing Div., The Mitchell-Bentley Corp. Contributing companies 
include: General Motors Corp.—Styling Staff, Engineering Staff, Proving Grounds, 
Truck and Coach Div., Harrison Radiator Div., and Frigidaire Div.; United States Rubber 
Company; Lyon, Inc.; and Friez Instrument Div., Bendix Aviation Corp. 


WK Plants and Service Centers: STAI © LE % % 


Los Angeles + Kenilworth (N. J.) * Youngstown « Louisville (Ohio) + Indianapolis + Detroit SHEET +¢ STRIP + BAR + WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION «+ Box 4606, Detroit 
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to roll up big savings 
in liquid transport 


Here’s an ingenious answer to the problem of trans- 
porting and storing bulk liquids economically. Called 
Rolli-Tankers, these barrel-shaped rubber containers 
were developed by Goodyear for the military — have 
proved their effectiveness under the most demanding 
conditions—are now available for a broad range of com- 
mercial applications. 


Basically, the Rolli-Tanker is a unique combination of 


container and carrier with some very special advan- 
tages. Example: it can carry its liquid cargoes virtually 


anywhere. Sand, snow, ice, mud, swamps — even rocky, 
rutted ground — won’t stop these tire-like containers. 
Another key advantage: since the tankers have low 
rolling resistance, the towing vehicle can take a major 
load on its back. This means bigger pay loads — lower 
haulage costs — and, in many cases, faster deliveries. 


Consider, too, that Rolli-Tankers have natural buoyancy 
in water when filled with fuels and can be towed ashore 
by boat—or air-transported and parachute-dropped. 
They’re available in capacities from 140 to 1000 gallons. 


Where can Rolli-Tankers save for you? Designers: the Rolli-Tanker has important and unique benefits in both per- 
formance and cost savings. To fully realize these advantages in transporting liquid cargo, hauling equipment should 
be designed to the Rolli-Tanker. For more information, contact Goodyear, Aviation Products Division, Akron 16, Ohio. 


GO 
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Rolli-Tanker—T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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PLUS: STANDARD 
FULL LENGTH 
CONSTRUCTION 


Spring-at-the-bottom— 

never under tension until 
inserted in the valve ... and 
all the well-known features 
that have made the Schrader 
Valve Core the S3e oe 


% CONTROL 


Since 


1844 
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TIRE VALVE CORE HISTORY 






ith 
-_ ot 7 Valve Core ¥ sitive 
- t Teflon asst -ondition 


\yg seal 0 ) 
. = under any operating 


A small fraction of an ounce of precision-engineered Teflon does it. 

This miracle material creates a plug washer that covers 

a far wider range of the tire needs of modern vehicles. 

Tests prove temperature extremes from —100°F to 500°F do not affect 
this plug seal of Teflon. It shrugs off oil, water, even acids . . . has almost 
limitless fatigue life. And, because Tefion is the slipperiest sealing gasket 
substance known, the plug washer becomes its own swivel! Even under 
high pressure it slides like ice against ice . . . doesn’t require a 
two-piece swivel construction to permit tightening without scuffing. 
The plug is now one-piece and therefore stronger. 

Cores can be more precisely positioned in the valve with a wider 

range of tightening torques. They can’t stick . . . come out 

easily and cleanly when removed in tire service. 


Schrader original equipment tire valves are now being supplied with 
these new Swivel-T Valve Cores to assure the longest and most 
dependable service life of any tire valve ever made. 


This is another Schrader contribution to help you make your 
vehicles more dependable. 


*Teflon is a duPont trademark. 


A. SCHRADER’S SON * BROOKLYN 38, N. Y. 
Division of Scovill Manufacturing Co., Inc. 





FIRST NAME IN TIRE VALVES 


Ce ewe FOR ORIGINAL EQUIPMENT AND REPLACEMENT 
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BEARING 





One in a series of technical reports by Bower 


A y 
RO ! BRIEFINGS 
= 





ROLLER GUIDANCE- 
VITAL FACTOR IN BEARING LIFE 


Roller guidance has been estab- 
lished by the Anti-Friction Bearing 
Manufacturers Association as a 
major rating factor for roller bear- 
ings. There is a direct relationship 
between this factor and the life and 
capacity of a cylindrical roller bear- 
ing under load. 


Figure 1 illustrates the results of a loose 
fit between a roller and the guiding ribs 
of the raceway. Because of lack of 
guidance by the ribs, the roller is free 
to skew and skid under load. Such a 
condition invariably leads to early 
bearing failure. 


To achieve close roller fit and proper 
roller guidance, Bower precision grinds 
each bearing race on specially designed 
centerless grinders. In this operation, 
Bower positions the integral raceway 
ribs from the theoretical centerline of 
the bearing. This method produces 
bearings with high dimensional accu- 
racy and perfect symmetry. 


RACEWAY 


(=) 


INTEGRAL 
RIBS 





Fig. 1. Loose fit in raceway means poor roller 
guidance. Roller can skew and skid under load. 
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In addition, the close tolerances held in 
grinding the roller track and integral 
guiding ribs give Bower cylindrical 
roller bearings the ability to take thrust 
in any direction. A Bower cylindrical 
roller bearing has thrust capacity of 


ROLL 
GRINDING 


TOP VIEW 


SUPPORT 
ROLL 


FIG. 2 


from 10-15% of its rated radial 
capacity! 

Figures 2 and 3 diagram the centerless 
grinding method used to finish Bower 
raceways. Use of this technique assures 
not only optimum roller guidance and 
maximum bearing life, but also virtu- 
ally eliminates bearing runout. BEAR- 
ING SYMMETRY WHICH RE- 
SULTS FROM THIS TECHNIQUE 
PERMITS ACCURATE SHAFT LO- 





CATION REGARDLESS OF HOW 
THE OUTER RACE AND ROLLER 
ASSEMBLY ARE INSTALLED. IT 
COMPLETELY ELIMINATES THE 
POSSIBILITY OF IMPROPER 
INSTALLATION. 





se eS ee 


Whatever your bearing needs, we sug- 
gest you consider the advantages of 
Bower bearings. Where product design 
calls for tapered or cylindrical roller 
bearings or journal roller assemblies, 
Bower can provide them in a full range 
of types and sizes. Bower engineers are 
always available, should you desire 
assistance or advice on bearing appli- 
cations. 





BOWER ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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yy Bower 


casting molten babbitt metal or molten. copper: 
hing molt, bbb meal or matey cope en 
These are just two of many reasons why it will pay 
you to consider Cleveland Graphite Bronze bearings, 
‘bushings or washers before you specify. 
F HOW = Want specific data? Just write, wire or phone and a 


ZOLLER qualified work with 
LED. IT | -% 7 rt eee = 


ES THE 
ROPER 


ere’s the most 


specified bearing and 
bushing line there is! 
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NOW FROM DELCO-REMY——NEW TOTALLY 


Delco-Remy now offers a completely new series of 
solenoid-operated, over-running clutch type heavy-duty 
cranking motors with the shift mechanism entirely en- 
closed. Special two-piece drive housings can be assembled 
to permit a total of 24 different solenoid positions with 
respect to motor mounting. New 50% longer brushes, 
together with sealing rings (optional) and large oil 
reservoirs (optional), assure extra-long operating time 
between overhauls. And Delco-Remy design features 
keep these heavy-duty cranking motors positively en- 
gaged until the engine starts. Engine manufacturers are 
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invited to write directly to Delco-Remy for complete 
information and engineering assistance on the application 
of these new motors. 

TOTALLY ENCLOSED DRIVE SHIFTING MECH- 
ANISM is protected against dirt, water, slush and ice. 
This enclosure plus the shaft seal and linkage seal also 
prevents transmission oil leakage. 


TWO-PIECE DRIVE HOUSING DESIGN permits 24 
different solenoid positions. Nose housings available in 
S.A.E. #2 and #3 mountings. 
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ENCLOSED HEAVY-DUTY CRANKING MOTORS 


HEAVY-DUTY SOLENOID AND SWITCH provide 
positive pinion engagement and safely handle maximum 
starting current. Special seals increase contact life. 


SPRAG CLUTCH DRIVE operates with non-chamfered 
ring gear. Pinion indexes on spiral spline, positively en- 
gages ring gear before power switches on, and does not 
become disengaged with sporadic engine firing. 
HEAVIER BRUSH INSPECTION PLATES resist 
damage from use and handling—are sealed to prevent 
leakage to motor interior. 
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GENERAL MOTORS LEADS THE WAY—STARTING WITH 
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Delco-Remy 
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DELCO-REMY «+ DIVISION OF GENERAL MOTORS + ANDERSON, INDIANA 











“Our daily production doubled 
after changing to fast-curing 


RCI POLYLITE 


POLYESTER RESINS” 


says H. D. Willcutts, prominent trailer manufacturer 


That’s the remarkable — and profitable — record of one 
company that switched to RCI Poryuite! The H. D. 
Willcutts Company, Nashville, Tenn., gives full credit to 
the rapid curing characteristics of PoLYLITE polyester 
resins for a 100% increase in production. The company 
produces trailers for Nationwide Trailer Rental System, Inc. 


Panels of these vehicles also benefit via other important 
properties provided by PoLYLiTE polyester resins: 


rugged strength - light weight to permit heavier 


Creative Chemistry 
... Your Partner in Progress 








payloads * outstanding resistance to corrosion * the 


ability to hold bolts firmly. 


As a bonus, the company reports that with PoLYLiTe “we 
can now trim these panels during cure with a common 
linoleum knife. Previously we had to trim after cure using 
rotary saws with costly carbide tips.” 

Have you thought about switching to Potytitre? Your 
Reichhold representative will be glad to acquaint you with 
the complete RCI polyester line. 


2 REICHHOLD 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 


Synthetic Resins « Chemical Colors « Industrial Adhesives « Phenol « Hydrochloric Acid « Formaldehyde « Glycerine « Phthalic Anhydride « Maleic Anhydride 
Sebacic Acid » Ortho-Phenylphenol « Sodium Sulfite « Pentaerythritol * Pentachiorophenol « Sodium Pentachlorophenate + Sulfuric Acid « Methanol 
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YOU GET THE SOLID QUALITY OF BODY BY FISHER. 


Pontiac surrounds a man with beauty 


and the solid security of wide-track wheels 


ion * the 
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We've been noticing something interest- 
ing about our men customers. When a 
man becomes the owner of a 1959 
Pontiac he slices a few years off his 
age, becomes enthusiastic about driving 
almost anywhere any time, and holds his 
head a bit higher, a lot more proudly. It’s 
not our imagination. It actually happens. 

Unofficial psychology explains it this 
way: A man who works hard and gives 
his all to profession and family has 
earned the right to drive a great auto- 
mobile. A Wide-Track Pontiac is a 
perfect reward. 

Its trim, sleek lines gratify your sense 
of good taste and refinement. Yet they’re 
well-defined lines, positive but unclut- 


tered, consistent and clean. The unique 
grille is a good example; different but 
highly imaginative and pleasing. 

Man is born to be a master and Pontiac 
gives you masterful control of this car 
with the security and stability of Wide- 
Track Wheels; wheels moved five inches 
farther apart. This widens the stance, not 
the car. You’re balanced, with less lean 
and sway. 

We assure all well-deserving men that 
this automobile will give you a vigor- 
ously fresh outlook on life, a feeling of 
youth, accomplishment and much, much 
pride. Show your wife this advertise- 
ment; she deserves a Pontiac, too. 


PONTIAC MOTOR DIVISION © GENERAL MOTORS CORPORATION 
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Schwitzer Variable Speed Fan Drive 
features new Torrington Bearing for 
economy, stability, li ifetime lubrication 


The original design of the Schwitzer Fan Drive, used in passenger automo- 
biles to reduce fan horsepower and noise, called for two ball bearings. By 
replacing these with one Torrington Drawn Cup Roller Bearing, Schwitzer 
engineers have simplified the design and reduced costs. 

This unique bearing firmly supports the drive housing and fan so they 
run true despite possible couple loads due to gyroscopic action. Ample shaft-riding retainer (B) designed 
lubricant reserve capacity permits pre-lubrication for the life of the fan drive. Or eee eae 

Many new opportunities for economy, design simplification and operating 
improvements are opened up to engineers and designers by the new Torring- 
ton Drawn Cup Roller Bearing. Services of Torrington’s engineering staff 
are offered to help you with product development work. The Torrington 
Company, Torrington, Conn.—and South Bend 21, Ind. mounted by press fit 


simple housing design 


rollers end-guided at pitch line (A) 


high capacity in small cross 
section (C) 


long pregreased life 
efficient at high speeds 


low unit cost 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER BALL + NEEDLE ROLLERS + THRUST 
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For Sake of Argument 


Creativity . . 


The oft-voiced wish, “I’d like to have a creative job” 
is day-dreaming of the most unfruitful kind. 


CREATIVITY is a quality of a person; not of the 
job he holds. Success in Job “A” may call for more crea- 
tivity in the man who holds it than does Job “B.” But it is 
the job holder who must do the creating. 


True, the job potentials do sometimes limit the ap- 
plication of the job-holder’s creative ability. But more 
often, the trouble is with the job-holder. He may be 
blaming the job for his own lack of creative ability. Or, 
his vision may be limited by looking down on his job. He 
may see only its requirements; be blind to its opportunities 
for creative effort. 


For instance: One worker in research routines will 
see nothing in his job except an endless recording of tem- 
peratures, speeds, and pressures. Accurate data-reporting 
is all his job demands. Boredom with such routines 
brings from this man the I’d-like-a-creative-job com- 
plaint. 


Another researcher may be just as bored. But he 
may put the unused parts of his mind to thinking about 
possible ways to change or improve the routines which are 
causing his ennui. Or he may find himself speculating on 
what the boss is going to read into (or out of) the data 
compilations that keep accumulating. 

Talent which is fighting to get out has a way of find- 
ing a route for applying itself. Most engineering jobs will 
permit the use and development of creative thinking, 
though not all of them require it for success. 
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FROM NEW YORK: “All four of my brakes are always perfectly adjusted whether 
I’m on the throughway or driving in bumper-to-bumper traffic in the city.” 


FROM ATLANTA: “Knowing our brakes are never out of adjustment gives me a 
wonderful safe feeling. I’m at ease even when taking the children to school.” 
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FROM DENVER: “There's new pleasure in mountain driving now that | k 
my brakes always have maximum stopping power.” 


FROM MINNEAPOLIS: “In all kinds of weather, self-adjusting brakes give 
stopping power at its best—and save the cost of brake adjustments.” 


AGAIN . . . BRAKES ARE NEWS IN DEALERS’ SHOWROOMS! 


Bendix * Self-Adjusting Brakes give dealers 
a double-barreled sales appeal: safety plus 
economy. And those in close touch with 
today’s market know that these two appeals 
—safety and economy—are among the most 
powerful sales points that can be made to 
the American buying public. 

Car prospects quickly realize that there’s 
real safety in always maintaining the brakes 
at maximum stopping power. And the 
obvious savings that they make by elim- 
inating the expense and bother of periodic 
brake adjustments. What’s more, with all 


Bendix 


brake shoes always correctly adjusted, 
there’s always the right clearance between 
pedal and floor. And that’s a feeling any 
car buyer appreciates. 

Reasons like these make self-adjusting 
brakes a good “talking piece’’ for dealers. 
It won’t be long before car buyers every- 
where will know about self-adjusting brakes 
—and want them. But this latest advance- 
ment in brakes joins power brakes and 
power steering as examples of how Bendix 
pioneers and develops improvements to 
meet the needs of the automobile industry. 


*REG. U. S. PAT. OFF 


Sovieon CoOatea Bend, IND. 





When shoe clearance exceeds a pred 
termined amount, a ratchet sets up t 
star wheel adjuster one notch—as | 
brakes are applied when the car is 
reverse. This automatically adjusts t 
shoes to exactly the right fit within | 
drum and compensates for lining wea 
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from SAE meetings, members, and committees 


IRES represent the biggest 

expense in the operation of 

the M. A. Hanna Co. off- 
highway truck fleet. They ac- 
count for about 35% of the total 
truck operating cost. 


UMAN INTOLERANCE TO 
HIGH RATES OF DECOM- 
PRESSION may determine 

the minimum size of jet transport 
cabins. The human lungs cannot 
withstand decompression rates 
greater than 0.5 sec. Thus, cabin 
volume must be at least 3000 cu ft 
to keep within this decompression 
rate if a 72x30-in. cabin door 
blows out. 


MONG REQUESTS RECEIVED 
last month for permission to 
extract material from SAE 

papers was one from West Point. 
They were interested in using in a 
text published by the Academy’s 
Department of Ordnance extracts 
from two aeronautic papers. Title 
of the text will be “Elements of 
Armament Engineering.” The pa- 
pers mentioned: one by A. H. Noll 
of Douglas about “Airborne Weap- 
ons System Development through 
Simulation”; the other by George 
W. Jeffs, North American Aviation, 
on “Selection of an Advanced 
Weapon System.” So far, no re- 
quests from the Air Force Acad- 
emy. 


What happens to an idea 
when it is exposed to you? 


HEN COMPUTER MEM- 
Worx was compared to the 
human brain only a few 
years ago, it always had to be 
pointed out that—to build in a 


comparable number of neurons — 
a computer the size of a big office 
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T SAE’S SUMMER MEETING in Atlantic City technical 
A ideas of importance were exchanged in great vol- 
ume ...and organization meetings were held of the 
Society’s new Engineering Activity Board and new Sections 
Board — both of which will come into official being next 


January. 


TURN TO PAGE 82 


for the full story of the 
1959 SAE SUMMER MEETING 


building would be needed... . But 
not now. With techniques now in 
promise, the space needed will be 
no larger than that of the brain 
itself. 

These techniques will break the 
“light barrier”; will probably in- 
volve cryogenics (extremely low 
temperatures to produce super- 
conductivity). They may call for 
wires 1/10 micron in width. (A 
human hair is about the thickness 
of 10,000 such wires.) .. . By laying 
patterns of this type on thin film 
with the aid of an electron micro- 
scope, as many as 10,000 logical 
elements may be gotten into each 
square centimeter. 


LASS ‘CAN SERVE AS A 
€; HIGH-TEMPERATURE LU- 

BRICANT in extrusion op- 
erations. The glass is ground toa 
fine powder and introduced into 
the extruding die. A wide range 
of properties is available from dif- 
ferent glass compositions. At 
2000 F, for instance, viscosities of 
66-2600 poises are available. The 
viscosity characteristics of glass 
are closely controlled during 
manufacture, so the behavior of a 
glass lubricant is highly predict- 
able and easily reproducible. 


PLASTIC BOARD and cov- 

ered by a transparent plas- 
tic sheet have military aircraft 
possibilities. The transparent 
protective sheet would make it 
easy to detect many types of cir- 
cuit malfunction. 


COMPRESSION RA- 
12/1 TIO ENGINES re- 

cently tested in four 
popular domestic cars all produced 
much more surface ignition-in- 
duced noise than the U. S. motor- 
ist is likely to tolerate ... in the 
opinion of the researchers. 1958 
counterparts of these 12/1 engines 
gave out much less noise. 


C riastic PRINTED ON A 


Criticism is the one thing 
most of us think is more 
blessed to give than to re- 
ceive. 


BILLION FOR COR- 
$7.5 ROSION AND FAIL- 

URES OF MATE- 
RIALS — that’s what they cost our 
nation in 1958, according to a 
“good source” quoted recently by 
Fred M. Young, president, Young 


Radiator Co. 








Laboratory can replace, 


or at least confirm, 
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Fig. 1 — Tire cord B shows a measurable advantage 
in self-aligning torque, due probably to its greater 
road contact area. Only the experts could detect 
the difference. 





IDING comfort, long determined by the seat-of- 
the-pants method, can be evaluated by labora- 
tory methods. Given sufficient expenditure of man- 
hours and money, we may yet be able to measure 
riding comfort electronically, using instrumenta- 
tion that will analyze test data in a matter of min- 
utes. 

Laboratory methods have been used to determine 
the effects of different tire cords on the riding and 
handling qualities of a vehicle and the results corre- 
late well with the findings of a drivers’ jury. Special 
sets of tires were constructed for this evaluation, 
using nylon and viscose cords, othewise they were 
identical. To provide a double check, two sizes were 
provided and to conceal identity of the cords, one 
set was designated “A,” the other “B.” Comparisons 
were then made of deflection characteristics, envel- 
oping capacity, and dynamic impact. 


Ride characteristics 


Cord B was found to have a somewhat higher de- 
flection, indicating a slightly softer body. It also 
showed a greater enveloping power over a 1-in. bar, 


* IN VEHICLE 


TAPE 


Fig. 2— This system, in- 
volving automatic digital 
data processing, should per- 
mit hours of test data to be 
analyzed in a few minutes, 
thus reversing the relation- 
ship between test and analy- 
sis time and expense. 
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comfort 


which confirmed the softer body. Again, cord B 
showed a better enveloping capacity over a cleat on 
a rotating drum. 

Measurements also were made of the motion of 
the wheel spindle center as the tires passed over the 
cleat. Cord B was found to displace less vertically 
and also to damp out more quickly. 

All this information put “B” ahead from the ride 
angle. The differences were slight but consistent 
and there were no cross-ups. 

The trial by jury was run with two groups of riders 
— experts and laymen. The experts picked cord B, 
but the margin was smail; the laymen were evenly 
divided in their evaluation, indicating the differ- 
ences to be inconsequential. 


Handling characteristics 


Evaluations of lateral deflection, cornering force, 
and alignment torque were made to determine han- 
dling characteristics. Under a 1000-lb side thrust 
cord A deflected the least and therefore should pro- 
vide the greatest directional stability. Cord B 
showed a slight advantage in cornering force, due 
probably to the greater contact area with the road 
surface. It also showed a measurable advantage in 
self-alignment torque (Fig. 1). Altogether, the 
laboratory data indicated negligible difference in 
handling qualities between the two cords. 

Experts preferred cord A for directional stability 
and cord B for cornering traction. Laymen, on the 
other hand, found little to choose between the two 
cords, the difference being too small for an average 
driver to detect. The laboratory method did afford 
sound clues to reinforce the ultimate road test. 


Electronic measurement 


Riding comfort is subject to many interpretations. 
If it is the subjective reaction to ride motions by an 
observer, it implies the existence of a correlation 
between ride motions and reactions to them — com- 
fort. The correlative factor is the ride index and it 
is through this that one should be able to measure 
the ride motions and interpret the measurements in 
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terms of comfort. On the basis of a wide analysis, it 
appears that the relationship between ride motions 
and ride comfort needs a great deal study before an 
accurate ride index can be developed. Moreover, 
there is a major problem of data handling and 
analysis that must be solved before even limited 
quantities of data can be handled economically. 

Modern instrument technology promises to pro- 
duce this economy. Fig. 2 shows diagrammatically 
how the magnetic tape recorder, associated elec- 
tronic instrumentation, and electronic computers 
are applied to automatic data processing of riding 
comfort measurements. 

In this system a suitable number of transducers 
and their associated electronics are connected to a 
multichannel tape recorder located in the vehicle. 
The vehicle is road tested and the information re- 
corded on the tape recorder much as it would be with 
an oscillograph. The recordings are brought to the 
laboratory, where they are played back to make the 
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Fig. 3 — Passenger acceleration measurement curve plotted from 
the unfiltered and unweighted signal represented by top hori- 
zontal line between amplifier and digitizer in Fig. 2 would 
result in this type of datum. 
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information signals suitable for processing. The 
signal can then be played into an oscillograph for 
visual inspection. Simultaneously, the signals can 
be directed through one of the filters and weighing 
networks (at the lower left of Fig. 2), which will 
convert the signal from motion measurements to 
comfort measurements. The signals are then digi- 
tized and cards bearing the data are punched. Then 
the cards are placed in a digital computer, which 
sorts, arranges, and compiles the information and 
directs the curve plotter to plot the graphs. 


Telling what we want to know 


The curve plotted from the unfiltered and un- 
weighted signal, represented by the top horizontal 
line of the four between the laboratory amplifier 
and digitizer (Fig. 2), would result in the type of 
data shown in Fig. 3. The curve plotted from the 
filtered signal of the second line would provide ac- 
celeration versus frequency data. The weighted sig- 
nal from the third line would give a comparative 
ride measurement curve, while the weighted and 
filtered signal from the bottom line would result in 
a curve of ride motion frequency. 

Instrumentation other than suitable ride index 
filters and weighing networks are available and 
these may be, too, by the time the correlation be- 
tween ride motions and comfort is developed. 

A similar type of system could be assembled that 
employed threshold analyzers. In this case the pre- 
viously described signals would be fed into a battery 
of analyzers, which are devices that count signals 
when their magnitude exceeds a predetermined 
level, and ignore signals below the threshold. By 
setting the thresholds to correspond progressively to 
the hash marks on the ordinate of Fig. 3, the num- 
bers for this type of curve could be obtained quickly 
from tape recordings. Similarly, data for the other 
curves could be reproduced quickly, assuming the 
availability of suitable filters and weighing net- 
works to provide a satisfactory ride index. 


Flexibility is important 

In developing a suitable ride index, the instru- 
mentation must be very flexible so that new indices 
can be evaluated readily. The magnetic tape and 
computers are ideal because extremely flexible. The 
recorded signals on tapes can be used over and over. 
As new indices are proposed they can be evaluated 
from.the original tapes without returning to the 
road for additional measurements. 


To Order Papers Nos. 37S and 34T . . . 
...on which this article is based, turn to page 6. 
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New, Smaller 


from Behind 


Based on paper by 


Laurence E. Crooks 


Consumers Union of U. S., Inc 


AiERE are a number of behavior features in which, 

to match the abilities of present imported small 
cars, the United States industry must come from be- 
hind. 

Steering and handling, for example, combine in 
the small car to produce a maneuverability, an ab- 
sence of cumbersomeness, that are brought to a 
high pitch by many European designers. 

As to steering, the small cars are privileged. 
They have low weight to deal with, plus light en- 
gines, which reduce inertia effects around a verti- 
cal axis. Sometimes the engine is in the rear — 
which allows steering to be lighter and quicker still 
(and fortunately so,.when the wind blows across 
the course). The light weight permits, on many 
cars, use of that barbarous but simple and very ef- 
fective device, rack and pinion steering. .... And, 
of course, steering ratios are way down, making 
steering not only quicker, but more sensitive 

Several factors contribute to the small car’s su- 
periority as regards handling — the way the car as 
a whole responds in carrying out the driver’s in- 
tentions. The absence of bulk, a more equalized 
weight distribution, use of somewhat stiffer suspen- 
sions, of less overburdened brakes, of smaller-sec- 
tioned tires ..... all these go to make the small car 
agile, responsive, and quick. 

These behavior areas will have to be brought to 
the same pitch by the U.S. small car, now that many 
U.S. drivers know what to expect... even if it means 
using some of the fancier imported-car features 
that often enhance the steering and handling of the 
more elaborate imports. Only to a degree is it true 
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U.S. Cars Will Come 


In Handling, Steering 


that these virtues are primarily an accompaniment 
of size and weight reduction, though this undoubt- 
edly makes nearly every solution easier. An abun- 
dance of engineering skill is always a “priceless in- 
gredient.” 

Riding comfort, on the other hand, is one area 
where building the car smaller and lighter makes a 
satisfactory solution harder, not easier to come by. 
With some small European cars, the solution isn’t 
even approached. Besides, the best riding small 
cars — which incorporate features like torsion bars, 
independent rear suspensions, oversize shock ab- 
sorbers, and so forth— do not ride well over the 
type of roads on which most U.S. mileage is run up. 

When Consumers Union reports, in testing a small 
imported car, that “it doesn’t ride very well, but it 
never does anything very bad either,” that state- 


“ment amounts to pretty high praise. 


One may safely prophesy, of the forthcoming 
smaller U.S. cars, that there will be a distinct — al- 
most linear — correlation between their riding com- 
fort and their weight .. . except where unconven- 
tional, and more costly, suspension systems are 
employed. 

In Consumers Union experience — which includes 
testing of 40-50 small imported cars going back to 
1952— one sharp superiority of the small imports 
over most U.S. large cars is in structural rigidity, 
especially in traversing bad roads. A staunchness 
of structure is, of course, far easier to achieve in a 
small vehicle than in a large one and, on the record, 
easier to get with unit body and frame construction, 
which most European cars have. 

It is our feeling that one of the sales assets of 
the small imports would be vitiated if the present 
U.S. standard of body and chassis rigidity over 
uneven roads were applied to them. Everybody likes 
a taut car, of course, but in the small car this 
characteristic is nearly essential. Who wants to 
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ride a loose-jointed polo pony? 

In talking “economy”—an extremely flexible 
word in the 1959 automobile world — all manufac- 
turers are exploiting the same fact: The average 
motorist considers fuel costs more important than 
any other automobile costs — at least, until the re- 
pair bills start coming in. To an extent, the mo- 
torist is right. A car during its lifetime will consume 
fuel costing about as much as the car did in the first 
place. 

But the small car owner forgets to check on the 
little fellow’s cost of parts and repairs . . . which, 
with many imported cars, run scandalously high, 
and without reason. Many foreign car factories, 
too, have been farsighted enough to set up pre- 
ventive maintenance routines for their car ...a 
policy about as foreign to most American drivers 
(of the “when-it-breaks-down-I’ll-get-it- fixed” 
school) as the car itself. The costs are doubly dis- 
illusioning to the U.S. owner, because he is totally 
unaware of the cost of a similar program for the or- 
dinary U.S. car. 

As a generality of small car design: 


@ The weight must be kept low. 

@ Friction in the engine and the chassis must 

be low. 

There is absolutely no leeway for relying on weight 
as a sort of blanket insurance policy in structural 
or durability matters. There is no opportunity 
abroad, either, for a big, lazy engine coupled to a 
3-speed transmission and driving through a low 
numerical axle ratio. 

The future for the more worthy imported small 
cars is apt to work itself out more in terms of 
dealer stamina than in terms of what the cars them- 
selves have to offer. 


To Order Paper No.71T .. . 
...0n which this article is based, turn to page 6. 
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ESIGN of modern aircraft shouldn’t be much af- 
fected by the rate of production. Emphasis 
43 % should be placed on quality, reliability, and per- 
formance — the latter encompassing the most criti- 
cal factor of all: weight. This philosophy has re- 
1980 1952 1954 1956 1958 1960 sulted in the design and construction of steel 
Fig. 1 — Improvements in turbojet performance over the years. aircraft, brazed and welded, through planned pro- 
ducibility and standardization. 


Low production rates 


It has been contended that low quantity produc- 
tion may have a marked effect on design, but such 
is not the case. An analysis of the parameters af- 
fecting the design of current aircraft reveals that 
low quantity production is of relatively minor im- 
portance. 





Weight, temperatures, performance, reliability 


Turbojet performance has increased markedly in 
the past decade. Specific thrust has increased, and 
specific fuel consumption and specific weight have 
decreased (Fig. 1). 

These trends alone would have created the prob- 
lem of greater speed, but at the same time, the 
science of aerodynamics has advanced, and lift- 
drag ratios are higher than ever before (Fig. 2). 
1955 1960 1965 Higher lift-drag ratios coupled with increased 
TIME PERIOD turbojet performance have produced speeds which 
Fig. 2— Supersonic lift-drag ratios have been increasing over the years. Yun into a much higher heat operating range, and 
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which have made mandatory structures composed of 
heat-resistant alloys. 

New, radical structural developments have taken 
place and steel has become a must for the produc- 
tion of airframes. Due to its higher strength and 
density, steel is being used for much thinner sec- 
tions, which must, in turn, be stabilized to avoid 
buckling. 

Most popular of the many methods for obtaining 
this section stability is sandwich construction — 
and brazed sandwich brings its own set of problems 
to the designer. Sandwich panels must be welded 
together, rather than riveted or bolted, to insure 
minimum weight and fuel tight integrity. 

In fact the concept of today’s airframe demands 
that entire fuselages (and wings to fuselage) be 
welded. Heretofore such precision welding and fab- 
rication was not believed possible, but the results 
of advanced producibility studies and manufactur- 
ing development programs have recently proved 
otherwise. 


Precision fabrication 


In advanced-type structures, precise tolerances 
and processes are necessary. For example, sand- 
wich closeouts must be held to + 0.002 in., and facing 
sheets must be held to + 0.001 in. Hot sizing is used 
to maintain close tolerances on edge closeouts. 

Forming and flattening are major problem areas 
with stretch forming used to obtain the required 
flatness in thin sheet. Flatness of the facings and 
the close tolerances of the edge closeouts have to be 
watched carefully to ensure intimate contact of the 
components during the brazing cycle. 

Belt machining is proving to be one of the best 
methods for making close tolerance sheets. 

The need for precision fabrication, weight con- 
siderations, and the inability of some of the new 
materials to be subjected to certain other processes 
has brought about the development of a method 
compatible with these complex requirements: 
welding. 


Welding — optimization of structure 


Fig. 3 (bottom) shows a conventional lap joint 
either spot welded or riveted, and its redesign to a 
minimum weight, butt welded joint. 

Fig. 3 (top) shows another redesign. Here the 
conventional shear web attachment is a heavy angle 
riveted or welded to the facing sheet. In the mini- 
mum weight configuration (right), the shear at- 
tachment is welded by a burn-through technique, 
from the top of the facing sheet. 

The inability of some new materials to be ex- 
truded in thin, close-tolerance sections, has caused 
the development of techniques to simulate such 
shapes by welding. Fig. 4 shows a fusion welding 
process where the thin sections are positioned be- 
tween copper chill bars and welded by the burn- 
through technique, from the top of the cover sheet. 

The programmed machine welder shown in Fig. 
5 and the large brazing furnace for accommodating 
panel sizes of 10 ft x 20 ft x 1 in. are examples of new 
equipment for fabricating the required minimum 
weight structures. They are used to join cap sec- 
tions to sine. web shear attachments. ; 

Large panels must be joined to form even larger 
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CONVENTIONAL OPTIMIZED 


Fig. 3 — Optimization of structure provides the lightest producible con- 
figuration to perform a given function. 
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Fig. 4 — Burn-through fusion welding. 


Fig. 5 — Fabrication methods used to join cap sections to sine web shear 
attachments. 


BUTT JOINTS FRAME-CAP JOINTS 


TT 
Pa eee onianied 
MT MTT TT TT 
l 


—— << ca _ ed 


Fig. 6 — Evolution of two types of joints toward minimum weight con- 
figuration. 
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Modern Aircraft Design 
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panels. Here too it is necessary to use welding, both 
from the standpoint of weight and also for fuel- 
tight integrity Fig. 6 shews the evolution of two 
types of joints toward minimum weight configu- 
ration. The joint at the lower left utilizes chem- 
milled lands for proper weld thickness and densified 
honeycomb core for shear transfer. The joint on 
the lower right is essentially the same, but with the 
burn-through technique employed for attachment 
of a shear web. 

Clearly, there is a need for developing as much 
“know-how” on welded joints, as we have on riveted 
joints in the past. What was once riveted will now, 
in all probability, be welded and the need for ex- 
treme accuracy is even greater. 

In the assembly of such structures as wing boxes 
the opportunity to save weight is great. In the past, 
the sine web was welded to the lower wing panel, and 
finally joined to the upper wing panel by means of a 
blind mechanical fastener. Current designs include 
the blind resistance welding of the flange to the 
shear web on both panels by inserting the welder 
into the wing interior. 

Fig. 7 shows how the interior welder works. It 
uses jigging pins and holes in the airframe structure, 
the temporary use of portions of the airframe as 
part of the welding equipment structure, and design 
and assembly procedures permitting the welding 
equipment to be positioned as the components are 
being assembled. The box section trim, welding 
edge preparation, and welding head travel are ac- 
complished in a common fixture. 





GUIDED PORTABLE RESISTANCE HEAD 


Fig. 7 — Blind assembly welding equipment. 


Standardization 


Low production rates do not imply less strict re- 
quirements about standard parts or standard prac- 
tices. Conversely, under the weapon system con- 
cept, and with the exacting performance require- 
ments of the new aircraft, standardization is in- 
creasing in importance and scope. 

Under the weapon system concept, standardiza- 
tion concerns itself not only with the small building 
block items but also with components, and overall 
systems, including mechanical, pneumatic, elec- 
tronic, hydraulic, propulsion, and others. It also 
concerns: itself with ground. support equipment, 
reliability, qualification testing, uniform design 
practices, and uniform fabrication practices. 

The direct benefits of an aggressive and thorough 
standardization program include: 


1. Reduced weight, due to an intensive require- 
ment analysis and careful detail design of the 
numerous items within the system. 


2. Increased reliability, due to the use of sound 
design principles and properly qualified parts. 


3. Reduced logistics requirements, due to fewer 
types of parts. 


4. Reduced cost, as a direct result of fewer types 
of parts (which means increased efficiency on 
the part of the supplier); reduced rejection 
rates and failures (due to increased reliability), 
and the use of the best possible producibility 
practices. 


A major effect of the weapon system concept on 
standardization is the coordination required be- 
tween the prime contractor and the subcontractors. 
Both the prime contractor and the subcontractor 
may have good standardization programs in effect, 
but if the interrelationship of these programs is not 
thoroughly coordinated by the prime contractor, the 
potential benefits of the effort will be lost. 

While the coordinating responsibility of the prime 
contractor is a necessity, it does not imply an iron- 
fisted autocracy. The subcontractor, under the 
weapon system concept, must be allowed as much 
flexibility as possible, but the prime contractor must 
be aware of his efforts to accurately determine the 
scope and degree of standardization, and the areas 
to which it will be applied. 

Critical in any standardization effort is qualifica- 
tion testing. All parts must receive qualification 
testing to insure conformance to standards relia- 
bility, but to attain these benefits, such testing 
should be firm and uniform throughout industry. 

Uniform test procedures and test equipment would 
allow a given part to be tested once and then certi- 
fied as acceptable. Such certification would avoid 
duplications in test criteria, test procedures, and test 
equipment, and above all, would avoid the cost of 
testing the same part by the suppliers, the subcon- 
tractors, and the prime contractor. The savings in 
a single weapon system program could literally 
amount to millions of dollars. 

The prime contractor must develop and imple- 
ment an intelligent overall approach to standard- 
ization with respect to subcontractors and suppliers. 
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It must be firm, but of sufficient flexibility to avoid 
stifling design advances. 

The prime contractor may effect this condition by 
the initiation of a definitive and comprehensive plan 
of action. The subcontractor should then be edu- 
cated in the implementation of this plan and a 
monitoring system set up to oversee and insure its 
effectiveness. 

Another vital part of this plan is coordination 
with suppliers. In the past, the prime contractor 
has relied upon the supplier to have the right part 
at the right time, but, with the increasingly new de- 
velopments of today’s complex weapon systems, it is 
very difficult, if not impossible, for the supplier to 
foresee the requirements. It therefore is incumbent 
upon the prime contractor, working in cooperation 
with the subcontractor, to provide the necessary 
guidance to the supplier on such items as are re- 
quired. 

This same cooperation must be extended to en- 
compass and insure industry support for the De- 
partment of Defense standardization effort. Closer 
coordination between Industry amd the Services 
would be mutually beneficial in accelerating stand- 
ardization. To aid in both of these efforts, the Na- 
tional Aircraft Standards Committee should be em- 
phasized and firmly-supported in its work between 
Industry and Government. 

An air vehicle of a weapon system can become a 
total loss due to the failure of a single critical part. 
When an air vehicle loses a wing, for instance, it just 
doesn’t drop off, but in all probability a fastener fails 
at some point, and starts a chain reaction resulting 
in a total loss. Too many are the reports of the 
sophisticated missile system count-down stoppages, 
blow-ups on the pad, power failures after launching, 
and explosions in flight.. Almost always, the official 
explanation is the failure of a valve, or a switch, or 
something similar. It isn’t the big parts of the sys- 
tem that fail, it is the little things. It does not make 
any difference whether 100, 200, or 500 of these 
things are built, such failures cannot be tolerated. 
The more eggs in one basket, the more important is 
standardization with its subsequent design improve- 
ment and reliability. 

The increasing necessity for uniformity of design 
extends to service and maintenance. Thus, it is 
necessary for a weapon system manager to be sure 
that each portion of a vehicle, whether it be manu- 
factured by subcontractor A, B, or C, be compatible 
with each other, as well as with the entire system. 
It is obvious that, when the forward portion of the 
fuselage mates with the aft portion, the screws in 
the forward portion should require the same tool to 
service as the fasteners in the aft portion. Or, for 
instance, the electrical connectors should be com- 
patible. 

But design unity should not be limited to details: 
it must ultimately deal with complete subassemblies, 
for it is not desirable to assemble a vehicle and see a 
structure, built by four different manufacturers, 
with the nose designed as integrally stiffened skin 
structure; forward intermediate fuselage — welded 
corrugated sandwich; intermediate fuselage — 
Stringer skin construction; and the aft section 
brazed honeycomb. 


To Order Paper No. $195... 
...0On whieh this article is based, turn to page 6. 
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FF-HIGHWAY trucks of larger capacity, giving 
better performance, and costing less to maintain, 
are what operators seek to reduce their haulage 
costs. The ideal unit would have more capacity 
without an increase in physical size, otherwise the 
gains would be offset by loss of maneuverability or 
higher axle loads. 

A better payload to tare weight ratio is what is 
really wanted. And one way to get it would be to 
decrease the weight of the truck box through freer 
use of high-strength alloy steel. Truck box weight 
has been increasing steadily and now accounts for 
25-35% of the total tare weight in most trucks. 

One solution might be to use a light weight, ex- 
pendable box and replace it annually if necessary. 
The differential in weight would add to payload ca- 
pacity. Calculating extra payload savings against 
replacement cost would prove or disprove the feasi- 
bility of this idea for any given operation. 


Speeding up cycle time 

The more trips per hour, the lower the costs, and 
as hauls get longer the more important cycle time 
becomes. Cycle time could be accelerated by using 
higher horsepower to get greater speeds, but an- 
other way is to have better maneuverability or turn- 
ing radius. Whatever the improvements, they must 
be obtainable with a full load on wet or slippery 
roads on at least 10% grade. 

Probably the biggest cost savings of allare to be 
had from lower maintenance. Tires, for example, 
are the biggest expense, accounting for about 35% 
of truck operating costs. Nylon has brought an im- 
provement and high profile tires are good for short, 
relatively slow speed hauls. Tubeless tires seem to 
be a move in the right direction. 

Certain design changes should alleviate tire prob- 
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What Operators 
Want in 


Earthmovers 


... continued 


lems. For example, a truck mounted on single tires 
rather than duals would have fewer premature car- 
cass failures. Here’s the reason. If one tire in a 
dual set goes flat, the companion tire suffers an im- 
mediate 100% overload. Before the failure is de- 
tected, the mate is lost. If one of the duals runs 
over a rock, again, it suffers overload. On crowned 
roads the inside tire carries more than its share with 
resultant overheating and separation, particularly 
on long hauls. 


More rugged crawler tractors 


Ruggedness is an outstanding characteristic of 
crawler tractors, nevertheless it is through enhance- 
ment of this quality that most improvement can be 
made. Here are some specific items crying for at- 
tention: 


1. Electrical components. Lack of reliability 
makes generators and regulators a prime source of 
trouble on night.work. 

2. Track life of pushers is shortened by lack of fit 
between scraper bits and crawler widths. Tracks 
should be smoother running to lessen impact, and 
have more flexibility in order to achieve more rug- 
gedness in rock and better high-speed operation on 
rough ground. 

3. Maximum trouble-free life of final drive com- 
ponents continues to be important. Attention 
should be given to reducing the number of lubrica- 
tion points and to increasing lubrication intervals. 

4. The adequacy of engine oil filters is in question. 

5. Air cleaning equipment needs more attention. 

6. Overheating of torque converters is an ill with 
some tractors. 

7. Replacement of hydraulic system hose is too 
frequent. 

8. Reduction in crawler noise would lessen opera- 
tor fatigue, improve his efficiency, and promote 
safety. 

9. Operators need better protection in clearing 
work. Existing structures which attach to fenders 
seem inadequate. Cold weather protection is also 
needed. 

10. Standardization of attachments to permit in- 
terchange between similarly sized tractors of differ- 
ent makes would be a boon. It would also be worth 
while to standardize drawbar pin sizes and dozer 
trunnion design. ; 


To Order Paper No. S186... . 
...0n which this article is based, turn to page 6. 
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“| am confident we can train our soldiers 
to operate our vehicles without such con- 
veniences as automatic transmissions and 
six-way adjustable seats . . . "—Major-Gen. 
H. W. Johnson, Deputy Chief of Staff for 
Combat Developments. 


Based on paper by 


Major-Gen. H. W. Johnson 

U. S. Continental Army Command 
IMPLICITY is a major need in the design of mili- 
tary vehicles for tomorrow’s battlefields. These 


vehicles must be: 


@ Simple to maintain. 
@ Simple to transport strategically. 
@ Simple to manufacture. 


Only such simplicity will minimize the chances for 
human error; simplify human decision require- 
ments; save valuable man-training time. 

... And man-training is consuming a vast part of 
today’s military resources. Modern weapons are 
highly sophisticated; rapid movement on the battle- 
field is a major requirement for future wars. So, it 
costs ever-increasing sums to train operators and 
maintainers. 

But the ruggedness and dependability which go 
with simplicity of design help make training easier. 
They give the soldier confidence in the equipment he 
is being taught to use. 

The U. S. Continental Army Command is confi- 
dent that we can train American soldiers to operate 
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SIMPLICITY 


—Key to Military 


our vehicles without such conveniences as auto- 
matic transmissions or six-way adjustable seats... 
if the elimination of such nice-to-have items will re- 
duce our maintenance problems 

Equipment of modular construction and simplic- 
ity of design is needed to provide also: 


@ Ease of replacement. 

@ Rapid interchangeability. 

@ Reduced requirements for complex tools and 
skilled technicians. 


Design must be governed, too, by whether the 
component will be maintained or thrown away. 
Usually, it is cheaper to design a component for 
throw-away whenever the cost to rebuild exceeds 
50% of the cost of procurement. 

Aiming for simplicity tends to influence cost fa- 
vorably, also. And the Army can’t ignore cost — 
either in the vehicles it procures, or in the research 
and development field. It has to be selective in 
stating its requirements, so that it isn’t priced out of 
existence. Yet it mustn’t ignore equipment devel- 
opments which would provide superiority over our 
enemies. It’s like walking a tightrope over Niagara 
Falls. It would be dangerous to lose balance. 

The diverse and difficult nature of military ac- 
tivities, moreover, demand more ruggedness and 
versatility than do civilian operations. Military 
specifications are always harder than civilian ones 
to meet . .. and therefore tend to “ask” for more 
complex designs. So, the simplicity approach to de- 
Sign of military vehicles helps in connection with 
the whole problem of what might be called “Military 
Environment.” 

Current examples emphasize this difference be- 
tween cilivian and military requirements. For ex- 
ample: 

Military vehicles often are forced off roads and 
must operate On terrain very. difficult to traverse. 
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Vehicle Design 


They cannot accept the same long wheelbases, low 
ground clearances, small-diameter high-pressure 
tires, good power and acceleration, fair fuel con- 
sumption, and limited cargo space, which are satis- 
factory for civilian vehicles with only very limited 
off-road movement. 

Military vehicles have to operate under much 
greater extremes of climatic conditions, too. Its 
temperature requirements range from — 25 F to +115 
F without special kits ... and by adding winteriza- 
tion kits, operation down to — 65 F is essential. 

Very different, too, are the standardization po- 
tentials and effects. To the military, standardiza- 
tion is a two-edged sword. It reduces the very acute 
spare parts supply problem. (In World War II, 
455,000 line items of spare parts were needed to sup- 
port the wheeled-vehicle fleet alone.) ... But it 
tends to deny taking advantage of improvements in 
design, since replacements for all items in a system 
are seldom ready for introduction at the same time. 

Fuel, of course, is the largest single Army supply 
item today, both in tonnage and volume. It must, 
and can, be reduced by one-half without sacrifice 
of performance characteristics. (Such devices as 
sealed bearings indicate the type of approach which 
will give longer life and reduced maintenance.) 

Armor protection of combat vehicles is another 
military requirement never met in civilian vehicle 
design. This introduces such additional problems as 
cooling of components, added weight, and main- 
tenance accessibility 

Every element of the “Military Environment” ex- 
amined, in other words, emphasizes the desirability 
of the “simplicity” approach to design of military 
vehicles. The need for ever greater mobility and the 
increasing problem of training personnel combine to 
dictate that the Army’s equipment be simple to op- 
erate and simple to maintain. 


To Order Paper No. 67T ... 
... on which this article is based, turn to page 6. 
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If a Jet Decompresses, 


Based on paper by 


C. P. Seitz and F. Elliott 


Grumman Aircraft Engineering Corp 


OSS of pressure in a jet aircraft can be serious for 
both crew and passengers — how serious depends 
upon the time factor which, in turn depends on the 
size of the hole in the aircraft in relation to the 
volume of the cabin. 

One effect of sudden decompression is the rapid 
expansion of gases of the lungs and hollow organs 
of the body. Just as long as the time characteristic 
is below the safe limits of the lungs, usually taken 
as 0.5 sec, physiologic damage should not occur. 
The faster the rate of decompression, the greater 
the extent of the injury. 

Fig. 1 (modified from Luft and Bancroft) shows 
that, given a cabin volume of 2000 cu ft, human 
tolerance is reached by an opening of 10 sq ft. If 
the door of an aircraft is assumed to be 72 x 30 in., 
the area is almost equal to 15 sq ft. The volume of 
the aircraft must therefore be 3000 cu ft if human 
tolerance is not to be exceeded. 

The designer of transports can lessen the conse- 
quences and rate of decompression by controlling 
the size of doors and windows. He has a little less 


Fig. 1 — A human being can stand 
just so much. How great the 
jeopardy in decompression depends 
on time, and the time factor de- 
pends on the relationship of the 
area of the leaking hole to the 
cabin volume. 





to say about structural failure, but exercises some 
control through tear stopper design and the capac- 
ity of the compressors. It will be relatively easy to 
control the time of decompression within safe limits 
unless the “picture window” becomes popular. Still, 
because of individual differences among people 
there will be some who will suffer from rapid de- 
compression even in the “safe” range. 


Hypoxia will be universal 


Even though decompression is tolerated, crew and 
passengers alike will be exposed to the high flight 
altitude. Fig. 2 (from Bergin) shows the time of 
useful consciousness up to the point of performance 
deterioration at various altitudes. It’s apparent 
that everyone will suffer from hypoxia (a deficiency 
in available oxygen). At altitudes above 30,000 ft 
the time of useful consciousness will be approxi- 
mately 30 sec, depending on individual hypoxia 
tolerance. In view of the fact that trained crew- 
men have shown themselves unprepared for the 
stunning effect produced by decompression, it is 
questionable whether passengers would succeed in 
getting their masks in place in a realemergency. At 
higher altitudes even trained crews probably would 
not succeed. 


TIME CHARACTERISTIC 


z Lo 
AREA OF ORIFICE, m2 


SAE JOURNAL 


¥ 


ses some 
e capac- 
7 easy to 
fe limits 
ir. Still, 
y people 
apid de- 


srew and 
zh flight 
time of 
ormance 
apparent 
eficiency 
30,000 ft 
approxi- 
hypoxia 
ed crew- 
for the 
on, it is 
ieceed in 
ency. At 
ly would 


E JOURNAL 


Then What? 


The immediate remedy is to have crew members 
wear oxygen gear throughout the pressurized flight. 
At altitudes above 30,000 ft a pressure demand oxy- 
gen system must be used. And since evidence exists 
to show how apparently healthy young men can 
collapse even at moderate decompression, more than 
one crewman should be on oxygen. 


Countering decompression 


As soon as the pilot has found decompression has 
occurred he must descend rapidly to an altitude of 
15,000 ft and then more slowly to 10,000 ft. It is 
estimated that at least 30 sec will have elapsed by 
the time the aircraft is nosed down. Unless oxygen 
is provided for passengers at altitudes above 30,000 
ft immediately following decompression, the vast 
majority of them can be expected to have collapsed 
or be on the verge of it. An unconscious passenger 
is a grave physiological risk, consequently a safe al- 
titude must be reached without the necessity of 
supplemental oxygen (10,000 ft). Exposure longer 
than 3-5 min should be avoided. 

The rate of descent will increase with increasing 
altitudes. For flights at 100,000 ft the rate of de- 
scent would be 28,000 fpm. It would, of course, be 
most desirable to return to sea level. Rapid descent 
below 15,000 ft would cause severe ear pain and at 
a 28,000-fpm rate the ear drum would rupture. 
Rates of descent in excess of 2000 fpm below 15,000 
ft will normally produce some ear pain in some pas- 
sengers and crew. 

Once the emergency is over, the pilot usually will 
land at the nearest airport. He may have to con- 
tinue to destination in over-water flights. To han- 
dle this contingency, sufficient fuel must be carried 
to permit uneconomic operation at a safe oxygen 
altitude (10,000 ft). If the flight is continued at a 
supplemental oxygen altitude, sufficient oxygen 
must be carried to accommodate all passengers and 
crew members, or the failure producing the decom- 
pression must be repaired. The penalty for carrying 
extra fuel is certainly unacceptable considering the 
relative infrequency of decompression. Therefore, 
oxygen must be supplied to passengers. 


How much oxygen? 


It is necessary to determine how much oxygen 
should be available since carrying an excess is eco- 
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Fig. 2— This chart presents the time of useful consciousness at various 
altitudes. The higher you go, the shorter it is. It makes apparent that 
everyone will suffer from the deficiency in the ameunt of oxygen avail- 
able, or hypoxia. 


nomically unsound. Data on the subject are rela- 
tively scarce but such as do exist indicate that it is 
unwarranted to expose passengers to oxygen alti- 
tudes above 18,000 ft for extended periods of time. 
A wide variety of circulatory, respiratory, and other 
clinical conditions, not frequent in airmen but com- 
mon among commercial passengers, would be ag- 
gravated by extended periods of hypoxia. 

Since loss of windows is the most frequent cause 
of decompression some engineering consideration 
might be given to repair of damage in flight. Even 
if accomplished it would not eliminate the need for 
an oxygen supply since it accounts for less than one- 
half of the decompressions. If means can be found 
to provide damage control of structural failure, the 
situation would be quite different. 

If oxygen equipment is to be used for high-alti- 
tude flights, then crews must receive training in its 
use. In all the reported literature, including the 
recent article by Bergin of BOAC and the suggested 
indoctrination plan of SAE Committee A-10, the 
training program calls for instruction in the physi- 
ology of respiration, the physics of the atmosphere, 
and the like. It is my contention that much of the 
proposed content is unessential. A cursory exami- 
nation suggests that each crewman must know how 
to recognize the existence of the situation and what 
to do specifically to combat each of the various 
problems associated with decompression. Time 
spent on indoctrination would be spent more wisely 
training men to a high level of proficiency in the 
use of oxygen equipment. 

It is often overlooked that the pressure system can 
fail slowly in high-altitude operations. Since lack 
of oxygen works like creeping socialism, a warning 
system is needed to alert the crew when cabin alti- 
tude goes over 10,000 ft. 


To Order Paper No.51T .. . 
...0n which this article is based, turn to page 6. 
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Ashless Detergents 
Minimize 2-Stroke 


Based on paper by 


L. O. Bowman and R. W. Burchell 


California Research Corp. 


SHLESS detergents have been found to perform 

very well in 2-stroke engines. Laboratory tests 
of scooter engines, outboard motors, and engines 
powering chain saws all indicate that this type of 
additive could provide control of carbonaceous de- 
posit without promoting spark-plug fouling and pre- 
ignition, as is the tendency with metallic detergents. 

Generally speaking, uncompounded oils allow pis- 
ton-ring-belt deposition and exhaust port clogging 
with resultant ring sticking and loss in engine per- 
formance. On the other hand, oils compounded 
with metallic detergent additives are fairly effective 
in controlling some carbonaceous deposition, but the 
ash residues tend to promote spark-plug fouling. 
Furthermore, preignition is now reported to be a 
serious problem in high output, 2-stroke engines. 


Reasons for lubricating problem 


Although these same oil design factors exist in all 
types of engines, the amount of oil consumed in a 2- 
stroke engine is 10-200 times greater than in other 
types of engines when compared on an equal fuel 
consumption basis. Since all of the oil passes 





Fig. 1— Pistons from 2-stroke test engines run with uncom- 


pounded oils and oils compounded with metallic detergent addi- 
tives. The blackened areas indicate piston varnish. through the combustion chamber, the effects of lu- 







Fig. 2— Despite high-tem- 
perature operating condi- 
tions, ashless detergent Q 
exerts excellent control over 
deposits in a 2-stroke 
scooter engine. 
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Engine Lube Problems 


MLC 


Table 1 — Scooter Engine Test Data — Conventional Oils 


Oil Description 
Compounding 


Oil Inspections 
SAE Grade 
Viscosity at 100 F, SSU 
Viscosity at 210 F, SSU 
Viscosity Index 
Carbon Residue, % wt 
Ash, % wt 
Engine Inspections 
Piston Varnish Rating* 
Piston Ring Sticking 
Top 
Second 
Port Clogging, % 
Intake 
Transfer 
Exhaust 
Crankcase Deposits 
No. of Spark Plugs Failed 
Power Loss, % 
* 10= clean; 0= black. 


Ie 


| 
Ht 


HN 
| 


Commercial 2-stroke 


engine oil 
None (test oil A) 


30 
551 
63.7 
86 
0.09 
0 


3.4 
360 deg hot stuck 
180 deg cold stuck 
0 
55 
30 
Thin granular sludge 
4 
45 


MIL-L-2104A oil 
Conventional metallic-type additives 


30 30 
485 638 
64.0 68.6 
102 98 
0.47 0.52 


0.30 0.28 
5.9 7.0 


10 deg cold stuck 360 deg cold stuck 
Free 120 deg hot stuck 


0 0 

15 0 

60 70 
Light varnish Light varnish 

. 6 


43 64 


mT 
HAH 


Table 2 — Scooter Engine Test Data — Ashless Detergent Q 
Test Oil A : 8 Cc 


. ae 85 V.1. base 85 V.1. SAE 3% ashless 30 base oil + 5% ashless 
Oil Description oil SAE 30 detergent Q detergent Q 
Piston Varnish Rating 3.4 9.1 9.2 
Piston Ring Sticking 

360 deg hot stuck Free Free 

Second 180 deg cold stuck 40 deg cold stuck Free 

Port Clogging, % 
Intake 0 0 
Transfer 55 0 

Exhaust 30 35 
Crankcase Deposits Thin granular sludge Clean 
No. of Spark Plugs Fouled 4 
Power Loss, % 45 
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Ashless 
Detergents 


... continued 


bricating oil design is greatly magnified. Moreover, 
the problem is aggravated by the extreme conditions 
under which these engines are operated. Full-throt- 
tle, full-load conditions are commonplace, particu- 
larly with outboard motors and chainsaws. Full 
throttle causes high engine temperatures, which 
tend to promote deposition through thermal and 
oxidative degradation of the oil, while idling con- 
ditions tend to cause ring belt deposition and spark- 
plug fouling due to poor fuel combustion. 


Scooter engine test 


A single-cylinder, aircooled engine of European 
design was selected for laboratory test and run 100 
hr at full throttle and 4000 rpm. Spark-plug per- 
formance was checked every 2 hr by 5-min operation 
at idle speed. Misfiring or engine malfunction usu- 
ally indicated a spark-plug failure. Other operat- 
ing conditions were: 


Spark-plug Gasket Temperature, F 350 
Exhaust Temperature, F 1100 
Fuel/Oil Mixture Ratio 20/1 


The initial tests with base oil and base oil com- 
pounded with conventional metal-containing addi- 
tives showed the test procedure to be adequate for 
evaluating potential 2-stroke lubricants. Data ob- 
tained in the initial series of tests are shown in 
Table 1. Fig. 1 illustrates the engine test parts. 

Some improvement was obtained in piston-skirt 
deposition and ring sticking with the conventional 
metal-type additives, but spark-plug failures, pis- 
ton-ring sticking, and port clogging with resultant 
power loss were still serious problems. 

Several promising ashless detergents were found, 
having excellent detergent properties at both high 
and low operating temperatures in other types of 
engines. One of these, ashless detergent Q, gave 
excellent performance in scooter engine tests, mini- 
mizing most of the lubrication problems commonly 
associated with 2-stroke engine operation. Com- 
parative scooter engine test data are shown in Table 
2. Fig. 2 shows the excellent deposit control ob- 
tained with ashless detergent Q under high-temper- 
ature operating conditions. 

With the inclusion of an effective detergent addi- 
tive in the oil formulation, the base oil selection is 
simplified. The effect of the depositing tendencies 
of the base oil is minimized and primary considera- 
tion can be given to obtaining excellent lubricating 
qualities. Consequently, a high viscosity index base 
oil would probably be the preferred choice. 


é To Order Paper No. 65V ... 
... on which this article is based, turn to page 6. 
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Nuclear lon 
Can Make 


The nuclear turboelectric 


thrust for practical, 


Excerpts from paper by Victor P. Kovacik 
Assistant manager, Advanced Systems Analysis, and 


Daniel P. Ross 


Research engineer, Staff-Research G Development 
Thompson Ramo Wooldridge, Inc 


HE nuclear turboelectric ion propulsion system 
operates, briefly, as follows: 


@ A nuclear reactor supplies thermal energy to a 
vapor boiler. 

@ The vapor drives a turbine, which operates an 
electric generator. 

@ The electric power is used to ionize and ac- 
celerate the propellant —a liquid alkali metal — 
which produces the thrust. 


Description of system 


One concept of an unmanned nuclear turboelec- 
tric propulsion system is illustrated in Fig. 1. A 
sodium-cooled zirconium-hydride-moderated re- 
actor supplies thermal energy to a mercury vapor 
boiler. The wet vapor (about 30% quality) is passed 
through a separator to give saturated vapor at the 
turbine inlet. The vapor, after passing through the 
turbine, is condensed and subcooled directly in a 
tube-fin radiator. The vapor header in the center 
of the radiator, and the condenser lines serve as the 
main structural members. The aluminum fins are 
positioned in the lattice work of the condenser tubes 
and the headers so that they do not serve as struc- 
tural members. The geometry of the radiator is 
dictated in large part by the allowable pressure 
drop, the need for extremely low weight construction 
and high reliability. For powerplants producing 
over 1000 kw, it may be desirable to condense the 
vapor in a compact indirect-type condenser unit 
where the waste heat from the condenser is trans- 
ferred to a separate radiator by means of a liquid 
coolant circuit. The indirect condenser relaxes re- 
strictions on radiator geometry, allowing a lower 
aspect ratio and hence requiring less ingenuity in 
radiator-vehicle integration. 

Electric power — produced by a very-high-speed 
generator — is transformed into the required form 
with impedance matching equipment. The gener- 
ator illustrated is an electromagnetic machine, 
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Rocket 


Space Ships Practical 


ion propulsion system is one of the most promising ways to produce 


efficient space vehicles operating over long distances in the Solar System. 


which has a large length to diameter ratio in order 
to keep weight to a minimum. For missions that 
dictate thrust chambers requiring high voltage, it is 
desirable to obtain power with an electrostatic 
generator. It is attractive because of its higher 
efficiency, its generally lower specific weight, and 
the fact that its electrical output is in a form that 
requires no voltage transformation. 

Nuclear radiation shielding is used to reduce re- 
actor and boiler radiation to an acceptable level at 
the payload. In Fig. 1, lithium hydride is used for 
neutron shielding and depleted uranium for gamma 
shielding. Both of these materials allow shield op- 
eration at high temperature where the energy ab- 
sorbed in the shield is radiated directly into space. 
Total weight charged to shielding is kept to a 
minimum by using a lightweight separating struc- 
ture between the powerplant and payload for partial 
attenuation of radiation. 

The electrical power supplied to the electric rocket 
is used to produce thrust by ionizing and acceler- 
ating the propellant. Fig. 2 illustrates the ion rocket 
operation. The propellant, a liquid alkali metal 
such as potassium, is vaporized and passed through 
a porous tungsten body at approximately 1600 F. 
The potassium vapor, when in contact with the 
tungsten surface, under appropriate conditions, 
loses electrons and becomes ionized. The ionization 
process can be almost 100% efficient. After ioniza- 
tion, the potassium is accelerated to a velocity of 
100,000 fps by the electric field between the elec- 
trodes. The accelerator electrode is shaped so that 
the ions are focused through the grid. As the jet of 
ionized potassium is ejected beyond the second elec- 
trode, it is neutralized by an electron emitting grid. 
The electrons prevent a continual buildup of posi- 
tive charges on the power plant. 

Electric propulsions systems, such as the nuclear 
turboelectric ion propulsion system, have unique 
characteristics when compared to chemical rockets. 
A comparison of the characteristics of electric 
rockets with chemical rockets is given in Table 1. 

In the chemical rocket, energy is generated di- 
rectly in the propellant by combustion. In the elec- 
tric propulsion system energy is generated exter- 
nally and then added to the propellant. The thrust 
of the electric rocket is generally a few pounds. The 
propellant flow may be a few pounds per day, how- 
ever, with an exhaust velocity of 100,000 fps. The 
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Fig. 1—Nuclear turboelectric ion propulsion system 
going into action. 
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Fig. 2 — Alkali metal ion rocket. 
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. .. continued 


Table 1 — Characteristics of Electric 
and Chemical Rockets 


Electric 


Alkali 
metal 


10°*-10 
10°° 


Chemical 
Hydrogen 
compound 


10°- 10° 


Propellant 


Thrust, Ib 
Propellant Flow, 
Ib/sec 
Exhaust Velocity, fps 10*- 10° 
Operating Life, hr 10°- 10° 
Rocket Weight/Thrust 10° 


4000 


PAYLOAD WEIGHT, L@S 
we 
° 
° 
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10,000 LB VEHICLE WEIGHT 
1S0*F BOILING MERCURY POWER CYCLE 
1ON ROCKET EFFICIENCY 70% 


; 350 Kw 





4 6 6 10 12 14 
ROUND TRIP TRAVEL TIME — MONTHS 


Fig. 3— Unmanned ion-propelled vehicle performance for 
Earth orbit — Mars orbit — Earth orbit mission. 


2's 
CHEMICAL VEHICLE 
TAKEOFF WEIGHT 

1,050,000 LBS 


| 
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2 
iON ROCKET 
TAKEOFF WEIGHT 
250,000 LBS 





FLOURINE- HYDRAZINE PROPELLANT USED 
FOR EACH CHEMICAL ROCKET STAGE 


Fig. 4— Comparison of chemical ballistic missile with ion rocket — 
from Earth’s surface to Mars orbit and return — round-trip travel time: 
12 months — payload: 5150 Ib. 
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acceleration obtainable is about one thousandth that 
of gravity. (Obviously, this powerplant cannot be 
used in accelerating masses through strong gravita- 
tion fields near the surface of planets.) The neces- 
sary operating time for interplanetry missions can 
be several thousand hours, and hence system re- 
liability is extremely important. 


Requirements for trip to Mars 


Fig. 3 gives the payload and power requirements 
of a 10,000-lb unmanned ion propelled vehicle 
making a round trip between the Earth orbit and 
the Mars orbit. A mercury vapor power system op- 
erating at a boiling temperature of 1150 F is utilized 
for the vehicle. It is assumed that the ion rocket 
efficiency of 70% remains constant with all varia- 
tions in exhaust velocity that take place in the 
programmed flight. This 10,000-lb vehicle, of which 
5150 lb is payload, can travel from the Earth’s orbit 
to the Martian orbit and return in 12 months of 
travel time. 

The electrical power output requirements for this 
payload are 275 kw. A comparison of an electric 
propulsion system with a chemical system is given 
in Fig. 4 for transporting a payload of 5150 lb from 
the surface of the earth to a Martian orbit and back 
to Earth’s surface with a travel time of one year. 
This neglects the weight of the atmospheric braking 
equipment used in landing on Earth’s surface. With 
present chemical rockets, the electrically propelled 
vehicle requires a take-off weight of 928,000 lb, while 
an all-chemical system requires a take-off weight 
of about 8,000,000 lb. The chemical boosters utilize 
oxygen — jet fuel, nitric acid — UDMH, and high- 
performance solid propellants. For high-impulse 
propellants, it is tacitly assumed that, by the time 
the electric propulsion system is operational, a 
rocket having the performance of a fluorine-hy- 
drazine rocket will be available. The take-off 
weight in this case is 250,000 lb for the chemical- 
electric rocket, and 1,050,000 lb for the all-chemi- 
cal rocket. 

If one assumes a cost of $15 per lb for present 
chemical rockets and neglects costs of handling 
large vehicles on the ground, there is a considerable 
cost saving in employing the electric propulsion 
system for the Earth-Mars missions. The chemical- 
electric rocket cost is about $14,000,000, while for an 
all-chemical rocket the cost is $120,000,000 if avail- 
able rocket technology is employed. The difference 
in cost—over $100,000,000 —indicates the dollar 
value that could be allocated to a 275-kw electric 
propulsion system and still have electric propulsion 
economically competive. 

For advanced chemical rocket boosters the rela- 
tive weight of the chemical-electric rocket and 
chemical rocket decreases but, since the cost per 
pound for high-specific-impulse propellants is con- 
siderably more than for liquid oxygen— JP fuel, 
the difference in cost would not materially change. 
Since the expected cost of a 275-kw electric pro- 
pulsion system is considerably less than $100,000,- 
000, the savings resulting from using electric pro- 
pulsion would justify the cost of development if 


- more than a few missions are performed with the 


5150-lb payload. 


To Order Paper No. 63S .. . 
...0n which this article is based, turn to page 6. 
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HE thrust/weight ratio for the relatively brief 

take-off period is the most important single fac- 
tor in a VTOL powerplant. It is more important 
than the total thrust provided. For this reason, 
high thrust/weight ratio turbine engines currently 
available are worthy contenders for VTOL propul- 
sive systems. 

Although a large excess of thrust over weight 
seems to be unnecessary for a VTO, some excess 
should be provided to cope with the effects of take- 
off from high-altitude airports and with ambient 
temperatures above standard. The magnitude of 
the allowance will be evolved from operating ex- 
perience with different vehicles, climates, and lo- 
cations. An initial reference environment would 
appear to be a hot day (90 F) and an altitude of sea 
level to 5000 ft, depending on the operating terrain. 
Optimization of engine performance for these con- 
ditions rather than the standard day rating is one 
of the steps that will make conventional turbines 
more suitable for VTO. 


Augmentation of Thrust 


The importance of the take-off performance of an 
engine for a VTO is hard to exaggerate because it is 
the final determinant for aircraft weight. As a case 
in point, new turbofan or bypass engines are being 
developed at considerable risk, largely for the sake 
of an improvement in cruising specific fuel con- 
sumption of 10%. For a VTO, whose cruise fuel load 
is about 25% compared to a total usable fuel load of 
Say 35%, it would take an increase of take-off thrust 
of only 242% to improve cruise range by the 10% ob- 
tainable from the new turbofans. For this reason 
we favor a short-term take-off rating of about 2-min 
duration, taking maximum advantage of any over- 
speed or overtemperature capability the engine may 
possess. It should be pointed out that this capa- 
bility would be needed for only the small proportion 
of flights, from adverse temperature and altitude 
take-off points. 

The use of short-term thrust augmentation de- 
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_ Just a Few Changes 


... would make the turbine engine an 


admirable powerplant for VTOL aircraft. 


Based on paper by James A. O’Malley, Jr. 
and Arthur M. Jackes, 2\\ Aircraft Corp. 


vices for take-off is also desirable. Water injection 
is an obvious augmentation system. Water is cheap 
and plentiful in most places. Compressor inlet wa- 
ter injection appears more attractive than combus- 
tion chamber injection. A 10% augmentation of 
take-off thrust provides approximately 40% more 
cruising fuel in most systems. The effects on radius 
are obvious. If the injection was limited to offset- 
ting the effects of high ambient temperature, it 
would still be worth while. A flat-rating, by means 
of water injection for shaft power engines (constant 
power output) over a considerable temperature-alti- 
tude range, is a distinct possibility. 


Other Thrust Augmentors 


Among thrust augmentors should be mentioned 
afterburners and air ejectors. The first is well 
suited to a supersonic VTO where it may also be used 
in the conventional flight mode. It will probably 
not be used widely for take-off because, although 
thrust may be augmented 50%, the engine thrust/ 
weight ratio is not improved. Air ejectors may be 
attractive if a configuration can be found that does 
not compromise conventional flight performance 
unduly, and it will be especialJy attractive if the 
thrust/weight ratio of the propuision system is im- 
proved thereby. 

Perhaps the best means for improving the thrust/ 
weight ratio is to raise the turbine inlet temperature. 
More conventional schemes, such as higher airflows, 
higher component efficiencies, and higher after- 
burner temperatures are all accompanied by some 
increase in engine weight. Higher turbine tempera- 
tures may be obtained through use of improved ma- 
terials; by aircooling, by one-pass liquid cooling, or 
by recirculating liquid cooling. Whatever gains this 
may bring for turbojet engines will be still more 
pronounced when applied to shaft power turbine en- 
gines. 


To Order Paper No. 64T ... 
>» ...0on which this article is based, turn to page 6. 
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Good Maintenance Leads 


to Long Turbocharger Life 


Based on paper by James A. Hardy, Schwitzer Corp 


HE DOS AND DON’TS for service and mainte- 
nance of turbochargers can be itemized. Do: 


1. Maintain air cleaners so that high pressure 
drops never exist. 

2. Keep all intake and exhaust manifold connec- 
tions tight and leak proof. 

3. Maintain the engine so that oil pressure to the 
turbocharger is high and unfaltering. 

4. Clean and inspect the turbocharger often 
enough to prevent excessive dirt accumulation and 
catch bearing wear and minor damage before it be- 
comes major. 

5. Maintain the engine oil filters to assure clean 
oil. 

6. Be very careful not to let any foreign material 
get into the intake or exhaust systems. 


Don’t: 

1. Overfuel the engine. 

2. Operate beyond the safe altitude limit without 
reducing fuel rate. 

3. Put exhaust pipes or mufflers on the engine 
that will cause high back pressure. 

4. Let heated air go into the turbocharger. 

5. Use undersized and restricted inlet piping and 
air cleaners. 


If this list is followed, service experience with 
turobcharged engines should be satisfactory. Some 
of the questions that arise regarding proper servic- 
ing follow. 


@ What care should be taken to avoid overfueling 
the engine? 


The fuel pump must be accurately calibrated so 
that overfueling cannot occur. In no case should a 
fuel pump be adjusted without complete instru- 
mentation to check engine load, speed, fuel rate, ex- 
haust temperature, and turbocharger speed. 


a4 


The problem is that the turbocharged engine nor- 
mally runs with relatively large amounts of excess 
air — thus, it can burn more than the rated amount 
of fuel. As more fuel is burned, the turbocharger 
runs faster and supplies still more air. Long before 
enough fuel is supplied to use the air, the engine 
will be severely overloaded, resulting in either an 
engine or a turbocharger failure. 


@® What adjustments should be made for altitude? 


Increases in altitude produce effects similar to 
overfueling. As altitude increases, both exhaust 
temperature and turbocharger speed increase. If 
an engine is to be operated at altitude, it must be 
derated sufficiently (by reducing fuel) to stay within 
the operating limits of the engine and the turbo- 
charger. A reliable automatic altitude control for 
the fuel pump would be highly desirable on engines 
that encounter a wide range of altitudes in normal 
operation. 

How much an engine must be derated for altitude 
depends upon the characteristics of the particular 
engine and turbocharger. One engine may be safe 
to operate up to 4000 ft without derating, while an- 
other may be safe at 8000 ft or more. After the 
limiting altitude is reached, the engine should be 
derated approximately 2.5% for each additional 1000 
ft. 


@ What about air cleaners? 


Turbocharged engines require big air cleaners and 
big intake piping because they use nearly double the 
amount of air consumed by naturally aspirated en- 
gines of the same displacement. Air cleaner and in- 
take restrictions will reduce the air supply to the 
engine and cause high exhaust temperatures. Ii 


‘dry-type air cleaners are used, special care must be 


taken to see that they are large enough and serviced 
often enough to prevent excessive pressure drops. 
An indicator warning the operator that the pressure 
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drop through the cleaner has become excessive pre- 
vents trouble from this source. 


@ What damage is caused by air leaks? 


Air leaks in the piping between the turbocharger 
compressor and the engine reduce the air supply to 
the engine. Thus, piping connections and intake 
manifold gaskets should be inspected for leaks at 
frequent intervals. The exhaust manifold gaskets 
and connections should be inspected frequently be- 
cause any loss of turbocharger speed will produce 
high exhaust temperatures. 


@ What is the importance of oil pressure to the 
turbocharger? 


The turbocharger usually depends on the engine 
lubrication system for its oil supply. It is essential 
that this oil supply be absolutely reliable — opera- 
tion without oil pressure for even a few seconds at 
speeds of 50,000—-100,000 rpm will damage turbo- 
charger bearings. On the other hand, with a con- 
tinuous supply of clean oil at sufficient pressure, 
turbocharger bearings will last indefinitely. The 
pressure must be sufficient to produce the flow nec- 
essary to carry heat away. It is easy to tell a turbo- 
charger that has been operated without oil pressure: 
the shaft will turn blue from the heat. 


@ What causes oil pressure drop? 


Excessive bearing wear in the engine, oil pump 
wear, malfunctioning of the pressure relief valve, 
plugged or kinked oil lines causes pressure drop. 
Dirty oil and long time lags in obtaining oil pressure 
when the engine is started can cause turbocharger 
bearing wear. To assure long bearing life, a good 
filter system should be used. 


® What cleaning procedures should be followed? 
Cleaning is’ necessary because soot and dirt will 
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Fig. 1 — Dial indicator used 
to check bearing play in 
turbocharger. 


accumulate in the compressor to such an extent that 
some of the air passages are partially blocked. The 
frequency of cleaning depends on service conditions. 
It may vary from 200 to several thousands of hours. 
The time between inspections normally should not 
exceed 1000 hr. 

The compressor can be cleaned by removing the 
compressor cover and washing the surfaces of the 
diffuser and housing with a solvent and a bristle 
brush. Open compressor wheels will not accumulate 
a significant amount of dirt and require very little 
cleaning. Compressor wheels should never be 
scraped for cleaning. Metal removed by scraping 
may cause an unbalance problem. 

Deposits may accumulate in the turbine as well 
as the compressor. Long periods of idling or light 
load operation will cause carbon to accumulate in 
the turbine housing and nozzles. These deposits 
will usually burn out after a short period of high 
load operation. Until they do, however, they may 
cause the turbine wheel to drag and run slow, so 
that the engine will smoke due to insufficient air. 

On water-cooled units it is sometimes necessary to 
disassemble the turbocharger to remove the carbon 
behind the turbine wheel and in the seal bore adja- 
cent to the turbine wheel. Water leaks into the ex- 
haust system can cause yellow or white deposits on 
the turbine parts. Sometimes aluminum deposits 
will be found in the turbine — usually from pieces of 
scored pistons. 


@ What about bearing play? 


Whenever the turbocharger is cleaned, the bear- 
ing play should be checked. Both radial and axial 
play should be determined accurately with a dial 
indicator, as shown in Fig. 1. Excess play will indi- 
cate bearing wear. Such wear is usually the result 
of low oil pressure or excessively dirty oil. 


>» To Order Paper No. S159... 
...0n which this article is based, turn to page 6. 
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Imaginative standardization 


ousts job-shop methods in 


producing electronic equipment 


Based on paper by H. E. Rice 
ceneral Electric Co. 

HE job-shop nature of electronic guidance and 
control manufacturing need not condemn it to ex- 
pensive job-shop methods across the board —if 
imagination is applied to tactical problems of stand- 
ardization. The development of two printed wiring 
boards for production at General Electric’s Light 
Military Electronics Department provides one ex- 





Fig. 1 — Two printed wiring boards —in one of which the electronic 
components are arranged in what looks like a random pattern; in the 
other, an orderly pattern. 


Fig. 2—Printed wiring assembly 
was so designed that each compo- 
nent is a given number of 1/10 in. 
from each other component. 


distance between grid centers is 


ample of a systems-approach kind of tactic that can 
often be found useful. 

The two printed wiring boards are shown in Fig. 
1. They are actually the same identical circuit. ... 
But one has the electronic components attached in 
what looks like a random pattern. The other has the 
same components neatly lined up in orderly fashion. 

The neatness and orderliness of the second board 
were very carefully planned. The assembly was de- 
signed so that each component is a given number 
of 1/10 in. from each other component. 

Now, this design ended up this way because — 
starting from scratch, a grid was established in 1/10 
in., with points in increments of 1/10 in. (This is 
shown in Fig. 2). 

This design procedure led straight to mechani- 
zation of the hole-punching operation in the factory. 
Since we could not depend on all the connector 
holes in a given piece of equipment being separated 
in regular 1/10-in. increments, we no longer needed 
fancy dimension instructions to guide the punching 
operation. . . . We could take the dimensionless 
drawing from the drafting room, and translate its 
messages to a punched tape by means of the manual 
stylus, positioning arm, and tape punch shown in 
Fig. 3. 

Then, having the programmed tape, we installed 
a tape-reading device on a modified Wiedemann 
punch press (Fig. 4). ... and we operate that press 
automatically! 


The predetermined centers are to be as shown below: 


epprresess 
roy 9 
Hee 
+0- Totg a 
Is pH 
=6-0-0-0- 
The above illustration consists of a one tenth grid whose 


. 1" in both X and Y directions. 


SAE JOURNAL 


nt 


rat can 


in Fig. 
ag 
shed in 
has the 
ashion. 
i board 
yas de- 
1umber 


ause — 
in 1/10 
This is 


echani- 
factory. 
onector 
parated 
needed 
inching 
sionless 
slate its 
manual 
iown in 


nstalled 


jemann 
at press 


"id whose 


JOURNAL 


Fig. 4— Tape-reading device in- 
stalled on a modified Wiedemann 
punch press, which is operated au- 
tomatically. 


Fig. 5 points up some of the savings achieved by 
this system, including the comparative times to 
produce 100 pieces of a typical board containing 
100 holes of three different sizes. The comparison 
is made between random spacing used before, and 
the incremental spacing now in use. 

As can be seen from Fig. 5, engineering time has 
been reduced 40% .... planning time, 89% .... 
tooling time, 94% .... and operator time 14%. 
The total reduction was 55% .... and this stand- 
ardization not only reduced costs drastically but 
increased reliability at the same time. 

This is but one illustration of the tactics of stand- 
ardization. Many components other than printed 
wiring boards can be approached successfully by 
these same methods. 


To Order Paper No. 45S... 
...0n which this article is based, turn to page 6. 
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Fig. 3 — Drawing-to-tape program- 
mer, used as a result of mechaniza- 
tion of the hole-punching operation 
in the factory. 


COMPARATIVE TIMES TO DESIGN 
AND MANUFACTURE. 
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Fig. 5 — Comparative times to produce 100 pieces of a typical board 
containing 100 holes of three different sizes on boards with random- 
spaced components and on boards with the incremental spacing now used 
by the Light Military Electronics Department of General Electric. 


47 








THE TAKEOFF ROLL 





_———THE ROLL—--——»> 


. 


Fig. | — Difference in acceleration during take-off run. 





Fig. 2—-Some aspects of acceleration and rotation manguvers during 
lift-off. 


Pilots Need New Skills To Fly 


Excerpts from paper by 
W. E. Rhoades and R. E. Coykendall 


oy 


OR the pilot, the take-off and landing of a jet 

transport are quite different from those of a pro- 
peller transport. The new government regulation 
SR-422A accounts for some of the differences, but 
the pecularities of the jet transport itself account 
for others. 

These latter differences are traceable mainly to 
the characteristics of the jet powerplant and to the 
type of airfoil used. 

The relatively thin wing designed for higher speed 
cruising flight has a lower coefficient of lift than 
that to which we are accustomed. Thus; to obtain 
equivalent total lift, somewhat higher speeds are 
necessary. In addition, the maximum value of the 
coefficient of lift is generally developed at a some- 
what higher angle of attack. This aggravates the 
problem of becoming airborne. 


Take-off behavior 


Fig. 1 compares the operation of the jet with that 
of the propeller airplane during a conventional 
take-off run. The propeller provides considerable 
advantage in the early run, but the jet engine be- 
comes superior in its ability to accelerate the air- 
plane as it approaches flying speed. 

“Unsticking”, a term borrowed from our British 
friends, is the act of changing the airplane’s atti- 
tude from that for optimum ground acceleration to 
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that for optimum initial climb. In the older regula- 
tion, this transition was ignored, since all elements 
of the flight path were tested in segments and then 
rejoined by calculation. It was assumed that the 
airplane rotated through several degrees of angle 
of attack and became airborne instantaneously 
without loss of energy. This assumption was con- 
venient but improper, even on piston-powered air- 
craft. It does require a significant period of time to 
rotate the airplane and when the thrust/weight 
ratio is high, some loss of theoretical performance 
inevitably occurs. If we were to operate lightly 
loaded DC-7’s or Constellations frequently from 
limited length runways, this situation would become 
clearly evident on today’s airplanes. 

Fig. 2 illustrates some of the aspects of the ac- 
celeration and rotation maneuvers. Since drag in- 
creases with angle of attack, it is advantageous to 
keep the angle of attack at a low value until ready 
to fly. But, since high-lift flight is accomplished at 
a high angle of attack, the problem is to get “around 
the corner” with the least practical dissipation of 
energy. This diagram also indicates the contrast in 
the magnitude of the transition with respect to jets 
and more conventional airplanes. 

Unless the pilot is provided with some information 
regarding the-time at which the airplane should be 
rotated, he sometimes will misjudge this point dur- 
ing take-off. If he rotates the airplane too early, 
he increases drag, thus affecting acceleration to the 
point where he may have difficulty in clearing ob- 
stables. If he rotates the airplane too late, he can- 
not become airborne at or near his V, or optimum 
climbout speed due to the high acceleration rate. 
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Fig. 3 — Effect of rotation timing on climbout path. 


the New Jets 


Thus, he may not clear the obstacles with sufficient 
margin. In the latter case, however, he will have 
excess speed and potential performance that he 
cannot use. 

Fig. 3 shows the manner in which the climbout 
flight path is affected by the timing of the aircraft’s 
rotation on the runway. 

During the development phases of the perform- 
ance regulations, the manufacturers felt that V, or 
the rotation speed should be allowed to occur even 
prior to V, (the go-no-go decision speed). As op- 
erators we opposed this concept because, in some 
cases, the pilot might find himself airborne before 
deciding to stop. This could present many oppor- 
tunities for error in having to land the airplane be- 
fore proceeding to execute the stopping maneuver. 

The problem of accomplishing the rotation of the 
airplane at the optimum time is not to be taken 
lightly. A lack of understanding of the problem 
already has at least contributed to the loss of jet 
transports. Whether or not the quantitative num- 
bers now appearing in the regulations for the pur- 
pose of pinpointing the timing of V, are the proper 
numbers is open to argument. There can be no ar- 
gument that a proper V, speed can contribute to 
safety in routine operations with optimum operat- 
ing weights. 

There are some psychological aspects regarding 
the V, problem that are interesting because the 
behavior of the jet transport is different. Fig. 4 
indicates the differences in dimension and time that 
confront the pilot during a 4-engine take-off in a 
jet transport, as contrasted to a conventional pis- 
ton-engine airplane. This is the conventional take- 
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Fig. 4 — Psychological spects of 4-engine take-off. 


~~ THE LANDING ROLL ~ 


Fig. 5 — Note greater dependence of jet on wheel brakes. 
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This is the second... 


. . . Of two articles discussing aspects and im- 
plications of the new regulations for operating 
jet transports — SR-422A. In the present arti- 
cle the emphasis is on the pilot’s problems and 
point of view. 


Last month, M. B. Spaulding, Jr., a member of 
the United States delegation to the international 
conference on jet transport certification, dis- 
cussed some of the background of SR-422A. He 
also explained many of the terms used and pointed 
out some of its inconsistencies, as well as its 
benefits in terms of increased safety. 
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Pilots Need New Skills 
To Fly the New Jets 


... continued 


off without engine failure, and is the performance 
that the pilot observes from day to day. If the re- 
spective aircraft are loaded to near their maximum 
take-off weights and the respective runways are just 
sufficiently long to accommodate the aircraft under 
applicable regulation, the jet transport pilot will 
have considerably less runway remaining after he 
obtains V, speed. This is presented more startingly 
in terms of runway percentage remaining. The ac- 
tual time remaining to clear the end of the runway 
after becoming airborne presents an even greater 
contrast. 

Due to the higher rate of acceleration, and due to 
higher speeds necessary to develop comparable 
maximum lift capabilities, the airplane simply “gets 
busier” further down the runway —and faster — 
than that to which the pilot is accustomed. The 
pilot who, on a limited length runway, becomes ap- 
prehensive during the take-off roll and attempts to 
rotate or become airborne too early, as well as the 
pilot who thinks V, speed is too low and adds 10 
knots for fun — either of these pilots may find him- 
self surprisingly low as he crosses the fence. And 
this will be true with all engines operating normally. 

This leads to a discussion of a new requirement in 
the regulation. The requirement states that if 
115% of the distance required at a selected weight 
to reach 35 ft with all engines operating is greater 
than the distance required to reach 35 ft after the 
failure of an engine at V,, the greater distance shall 
be the required take-off field length. In other words 
115% of the all-engine take-off distance to 35 ft 
often will control take-off weights rather than the 
distance required for the engine-out case. 

The philosophy appears sound even though the 
value of 115% may or may not be correct quanti- 
tatively. Some of our current piston-engine air- 
craft, when operated at low weights from short 
though legal runways, can demonstrate some of the 
features of an adventure. The all-engine case is 
the take-off performance feature the pilot sees rou- 
tinely. It is the case upon which he bases his opin- 
ion of available performance. Unless this configura- 
tion is afforded some protection, it can be abused, 
even though the theoretical performance of the air- 
plane may be more than adequate. 


Landing behavior 


In the landing and stopping maneuver the jet 
airplane has some characteristic differences that 
can cause difficulties. In this area the pertinent 
regulations have not been altered significantly. 

In comparison with our older transports, the ap- 
proach and landing speeds are somewhat higher, 
due primarily to the higher stall speeds and to the 
lower coefficients of lift. Since the landing weights 


are considerably greater, the energy to be absorbed - 


during the landing roll is very much greater. In- 
creased runway lengths are, of course, necessary, 
but differences in the approach and flare charac- 
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teristics require some consideration. 

The touchdown point on the runway is not only a 
function of weight, height, and speed over the run- 
way threshold, but also a function of how the 
throttles were used prior to reaching this threshold. 
Unlike the more conventional transport, the pilot 
cannot produce either thrust or drag by throttle 
movement alone. In the jet he can only produce 
thrust, and after having produced it he cannot de- 
stroy it instantaneously by closing the throttles. 
Thus, precision in power control and airspeed is 
necessary during the final stages of the approach if 
the optimum touchdown point is to be accomplished 
consistently. 

In propeller-equipped transports, many otherwise 
poor landings have been salvaged by a last-minute 
burst of power. The slipstream of the propeller un- 
stalls a large portion of the wing, permitting the 
pilot to recover from a too-high sink rate and com- 
plete a good landing. On the jet airplane such an 
application of power does not affect the incipient 
stall unless applied through a sufficiently long in- 
terval to increase the airspeed significantly. Thus, 
a last-minute application of power is of little value 
unless a balked landing is to be executed, or unless 
a successful landing still can be made farther down 
the runway. 

Once on the ground the jet is much more depend- 
ent upon its brakes for stopping. On most jets, 
spoilers mounted on the upper wing surfaces are 
energized at or soon after landing to destroy the 
residual lift of the wing. This allows the full weight 
of the airplane to rest on the wheels early in the 
roll out, thus assuring better braking. Reversing 
propellers on conventional airplanes perform this 
same function, but there is a very significant dif- 
ference from the operational standpoint. 

Most of our older airplanes were certificated with- 
out the use of reverse thrust, and thus without the 
use of any reversed propellers or wing spoilers to 
spoil the lift of the wing soon after landing. Thus, 
braking distances were greater because the brakes 
could not be used effectively immediately after 
touchdown. The operational pilot, however, always 
had additional braking capacity available if needed, 
because he could spoil the lift of the wing by revers- 
ing the propellers. He also could obtain additional 
drag from the reversed propellers. 

The jet is certificated with the use of wing spoilers 
after landing, and therefore the full capability of 
the wheel brakes is exploited from the beginning of 
the landing roll. Thus, the runway lengths re- 
quired for landing as determined in the certification 
program are not as conservative for the jets as they 
are under the older regulation. It is true that the 
pilot has available the use of reverse thrust as a 
margin in stopping, but the total drag produced is 
not as great as had originally been expected. More- 
over, the use of reverse thrust must be discontinued 
at relatively high airspeed to prevent the jet engine 
from rebreathing its own exhaust. With the con- 
ventional airplane, the reverse thrust from the pro- 
pellers can be used until the airplane comes to a 
complete stop, if necessary. 

Fig. 5 illustrates the greater dependence of the 
jet upon its wheel brakes for stopping. 


To Order Paper No. 60S .. . 
...0on which this article is based, turn to page 6. 


SAE JOURNAL 


t only a 
he run- 
iow the 
reshold. 
he pilot 
throttle 
produce 
inot de- 
nrottles. 
speed is 
roach if 
iplished 


shherwise 
-minute 
lier un- 
ing the 
ad com- 
such an 
ncipient 
long in- 

Thus, 
le value 
r unless 
er down 


depend- 
st jets, 
ices are 
roy the 
1 weight 
7 in the 
versing 
rm this 
ant dif- 


-d with- 
lout the 
yilers to 

Thus, 
» brakes 
y after 
, always 
needed, 
revers- 
ditional 


spoilers 
ility of 
ining of 
ths re- 
fication 
as they 
hat the 
ist as a 
luced is 

More- 
ntinued 
; engine 
he con- 
she pro- 
ies to a 


of the 


) page 6. 


JOURNAL 


Identification and Cause of 


Rumble and Thud 


in High Compression Engines 


Based on paper by 


E. S. Starkman, 


University of California 


and 


W. E. Sytz, 


California Research Corp 


UMBLE is a noise associated with bending vibra- 
tion of the crankshaft, investigation shows. The 
vibrations are caused by abnormally high rates of 
pressure rise near the top dead center piston posi- 
tion. Thud is a torsional vibration of the crank- 
shaft, similar in sound to rumble but resulting from 
much earlier occurrences of the maximum rates of 
pressure rise. 

These two noises, occurring with combustion in 
high compression ratio spark-ignition engines, are 
characterized by being of much lower audio-fre- 
quency (600-2000 cps) than the usual 5000-8000 cps 
sounds of knock. 

The investigation of the source of rumble was 
guided by the preconceived theory that the noise was 
in some way related to a vibration of the crankshaft 
or of the power train. Accordingly, a 1956 model 
V-8 engine, with 11/1 compression ratio heads was 
used with instrumentation for discerning abnormal 
crankshaft movements. 


test instrumentation 


The principal item of instrumentation was a mag- 
netic pickup unit. One of these was placed at the 
flywheel end of the engine for the purpose of trig- 
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gering and synchronizing the oscilloscope. The 
other was placed at the crankshaft pulley end to 
produce the signal to be interpreted. Other instru- 
ments were a quartz crystal spark-plug pressure 
pickup in No. 7 cylinder, a fine wire chromel-alumel 
thermocouple in the exhaust port, and a Tektronix 
type 535 oscilloscope equipped with dual trace. 

Since rumble had to be produced on demand, it 
was obtained by metering combustion-chamber de- 
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Fig. 1 — Pattern of the mechanical vibration after induction of combus- 
tion-chamber deposits to cause rumble in No. | cylinder. 
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Fig. 2— Simultaneous records of combustion pressure and mechanical 
vibration with engine operating at 1400 rpm, wide open throttle, with 
benzene fuel. 
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Fig. 3 — Relationship between cylinder pressure rate of change and the 
vibrational phenomenon identified as rumble. Engine speed 1400 rpm, 
wide open throttle, benzene fuel. 
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pembic is associated with combustion- 
chamber deposits and is aggravated by 
increasing compression ratio and engine 
speed. Thud, while sounding like rumble 
and reacting similarly to engine variables, 
can be brought about by advancing the 
spark setting. 


The investigation reported here is con- 
cerned mainly with identification and 
characterization of rumble, although thud 
was also observed. 
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Rumble and Thud 


in High Compression Engines 


. . continued 


posits directly into the intake manifold of the en- 
gine. These deposits were obtained from another 
engine and were not seived or otherwise controlled 
in quality. Approximately 1 cc of deposit was slowly 
aspirated into the carburetor intake to bring about 
multiple cylinder rumble. When it was desired to 
make one cylinder rumble at a time, deposits were 
introduced directly into the intake port of the cyl- 
inder with a metering device made from a modified 
glass stopcock. 


character of rumble 


Fig. 1 is an oscillograph of the output signal from 
the magnetic pickup unit while No. 1 cylinder was 
being caused to rumble. The sweep was from left to 
right. The upper trace corresponds to 100 deg of 
crank angle in the compression and expansion 
stroke, showing a single cycle in which audible rum- 
ble of moderate level was occurring. The lower 
trace is the same period during a nonrumbling cycle. 
Engine conditions for both traces were the same. 

The wave form of the rumble cycle shown in Fig. 
1 consists of at least two and perhaps more highly 
damped vibrations of a frequency corresponding to 
610 cps and multiples thereof. The vibration damps 
out almost entirely in 90 deg of crank angle. 

An analysis of the rumble cycle shows that the 
crankshaft pulley started to move in the direction of 
the magnetic pickup unit about 12-15 deg ahead of 
top dead center for No. 1 cylinder. Maximum rate 
of displacement occurred at about 2 deg before top 
dead center. Maximum displacement was at 3 deg 
after. 


cylinder pressures and rumble 


Fig. 2 is a comparative record of the crankshaft 
vibration and of pressure in the combustion cham- 
ber during a cycle in which there was normal com- 
bustion and one with rumble. The two lower curves 
indicate the abnormal pressures and rates of pres- 
sure rise which invariably accompany the induced 
crankshaft vibration. The peak pressure during 
normal combustion was about 600 psi, during rumble 
it was about 900 psi. 

The relationship between rate of change of cyl- 
inder pressure and the vibrational phenomenon 
identified as rumble is shown in Fig. 3. The rate of 
pressure rise during rumble is five times that occur- 
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ring during normal combustion. The maximum rate 
of pressure rise during rumble appears to precede 
top dead center by about 5 deg, and the maximum 
rate of crankshaft deflection occurs about 2 deg be- 
fore top dead center. 


crankshaft oscillation 


The pattern of rumble as recorded from the single 
magnetic unit at the pulley was identified early as 
being related to an induced periodic motion of the 
crankshaft. It was in a lateral plane and occurred 
at a frequency of about 600 cps and multiples 
thereof. It was suspected that the initial deflection 
was one of bending, and the oscillation was a mani- 
festation of crankshaft lateral or bending vibrations. 
To prove the theory, two magnetic indicators were 
positioned to record simultaneously the movement 
of the pulley in the lateral direction at two points. 

Fig. 4 is an oscillogram of the simultaneous volt- 
ages from the two units when placed 180 deg apart 
in the plane of No. 1 cylinder while it was being 
rumbled and while undergoing a normal firing 
stroke. It is apparent that during rumble the 
crankshaft pulley first was deflected in a manner 
which could be due only to crankshaft bending and 
that this was followed by an oscillation in a bending 
mode. The bending is indicated by the bottom of 
the pulley always moving in opposite direction to the 
top. 


other test findings 


Varying engine speed over a selected range re- 
vealed that except for amplitude.the vibration as- 
sociated with rumble is substantially independent 
of engine speed. 

Limited investigation of the influence of fuel and 
engine operating conditions on the mechanical as- 
pects of rumble showed no modification of the basic 
character or frequency of vibration, but did show 
major effects on the amplitude and damping. Lu- 
bricating bulk oil temperature changes of as little 
as 52 F (162-214 F) increased the initial rate of 
crankshaft deflection, amplified the higher harmon- 
ics, and greatly lengthened the persistence of the 
vibration. 

Rumble induced by dropping combustion-chamber 
deposits into the carburetor was accompanied by 
power losses as high as 19%, cooling load increases 
of up to 50%, and a 10% reduction in exhaust gas 
heat. Fig. 5 is typical of the exhaust temperatures 
and power output records obtained with deposits 
being aspirated into the carburetor to induce multi- 
cylinder rumble. 

No signs of mechanical damage could be detected 
in an engine disassembled and examined after about 
3 hr of rumbling. 


character of thud 


An intermittent noise similar to rumble occurred 
with increasing frequency after about 200 hr of test- 
ing, mostly at full throttle. The noise was not asso- 
ciated with the induction of deposits, but appeared 
to be voluntarily'genératedwithin the engine. It was 
deduced that the phenomenon was linked to the com- 
bustion process, possibly preignition. The pattern of 
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Fig. 4—- Nature of crankshaft vibration during rumble in No. | cylinder. 
Engine speed 1400 rpm, wide open throttle, benzene fuel. 
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Fig. 5 — Influence of rumble on power and exhaust 
temperature when combustion chamber deposits have 
been inducted into carburetor (11/1 compression 
ratio, 1400 rpm, wide-open throttle, benzene). 





noise and backfire was reproduced thereafter by 
manually overadvancing the distributor timing. It 
was noted during this period that the timing marks 
on the oscillograph were being displaced horizon- 
tally, an indication of torsional deflection and there- 
fore probable torsional vibration of the crankshaft. 

The occurrence of thud was eliminated by replac- 
ing the spark plugs with new ones of a lower heat 
range. .The original set of plugs appeared to have 
been operating very hot. 


To Order Paper No. 78T ... 
...0n which this article is based, turn to page 6. 
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Cutaway of Model 250. Air enters 
the compressor inlet at the front of 
the engine. It is compressed by 
the axial-centrifugal compressor, 
and delivered through a vaneless 
diffuser to a collector scroll. The 
compressed air then flows through 
two external tubes to the combus- 
tion chamber at the aft of the 
engine. 

The combustor is co-axial with 
the compressor turbine shaft. 
Gases leaving the combustor move 
forward through the turbine into 
an exhaust hood in the middle of 
the engine. Here they are col- 
lected and exhausted downward. 

The gear case is the primary 
structure of the engine. The com- 
plete compressor assembly and the 
turbine-combustor assembly are 
bolted to the gearbox — as are the 
starter, generator, fuel control, 
and propeller reduction gear. 





how Allison designed the model 


Based on paper by 


R. S. Hall 


Allison Division, General Motors Corp 


LLISON designed their 250-hp gas turbine (for 
propeller or helicopter drive) with the following 
features: 


@ Free turbine. 

e Axial-centrifugal compressor. 

@ Components matched to favor cruise power. 
@ Simple mechanical-hydraulic control system. 
@ Combustion chamber located aft of engine. 

@ Gearbox casting as main structural element. 


Here are the design considerations which led to 
this unique configuration. Since engine parameters 
influenced — and were influenced by — component 
design, we will also discuss how they were chosen. 


How parameters were selected 


The values for compressor pressure ratio, turbine 
inlet temperature, and airflow were selected as fol- 
lows: 

(1) Engine pressure ratio of 6.2. This value is 
low enough to provide a flexible compressor, without 
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the complexities of two-spool rotors, variable ge- 
ometry, or bleeds. It is as high as necessary in view 
of its short flight duration applications. The im- 
provement in economy accompanying a’ higher pres- 
sure ratio wouldn’t justify the increase in cost, com- 
plexity, and weight. Also, a higher pressure ratio 
would have required a second stage for the gas gen- 
erator turbine. And finally, the pressure ratio is 
consistent with the objective of 0.70 sfc at military 
power. 

(2) The maximum allowable turbine inlet tem- 
perature is 1750 F. It is a balance between sfc, and 
operational life and reliability considerations. Fig. 
1 shows the effect that turbine inlet temperature 
has on output and sfc. 

(3) Airflow is 3.0 lb per sec. This provides the en- 
gine with full output capability of 250 hp on a 100 
F day, without exceeding the engine temperature 
limit. This increases durability, because the turbine 
inlet temperature will run below 1750 F at 250 hp on 
all days below 100 F. 


Free turbine a must 


A free turbine was considered essential to permit 
independent selection of gas generator and power 
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Fig. 2— Operating range of blade chord Reynolds 
number versus compressor efficiency. 
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Allison Model 250 
engine mockups — 
propeller drive (left 
and helicopter 
(right). 
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Fig. 1 — Effect of turbine inlet temperature on output and sfc. 
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Fig. 3 — Effect of matching. 
Line A-A represents perform- 
ance when power turbine ef- 
ficiency is designed to peak 
at 250 hp. Line B-B shows 
how part-load performance 
is improved when peak effi- 
ciency of power turbine is 
moved to cruising power. 








how Allison designed the 


model 250 Engine 


.. . continued 


turbine speeds. The associated flexibility of opera- 
tion and ease of starting are advantageous for con- 
ventional propeller and helicopter rotor drive appli- 
cations. 


Axial-centrifugal compressor 


The low-pressure portion of the compressor is 
axial-flow. This was considered desirable because 
(1) it is more efficient than a centrifugal compres- 
sor, and (2) a single-stage centrifugal of similar 
size could not produce a 6.2 pressure ratio. The 
blades are designed for very low hub-to-tip ratios to 
maximize Reynolds number. Fig. 2 shows the op- 
erating range of the blade chord Reynolds number 
in the compressor. 

The last stage is centrifugal—and replaces at 
least three axial stages. It is used because the axial 
blades become too short in the radial dimension on 
the final stages. Also, its centrifugal force is most 
suited to handle the boundary layer. Calculations 
showed that diffuser vanes would restrict flow at 
low rpm enough to cause stall. So a vaneless or 
vortex type diffuser is used. 


Matching of components 


The compressor and turbine have been matched 
to favor cruise performance. In other words, the 
power-turbine element produces its peak efficiency 
at cruise power. This results in optimum sfc for the 
lower cruising powers with a nominal penalty in the 
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Fig. 4— Model 250 en- 
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maximum power sfc. Fig. 3 illustrates the advan- 
tage of this solution to the matching problem. 


Control 


The Model 250 has the simplest possible mechani- 
cal-hydraulic system (Fig. 4). This concept relies 
on the pilot where possible; electronic control com- 
ponents are eliminated. 


Mechanical configuration 


Because major elements of the small engine are 
badly out of proportion, the parts can’t be arranged 
the same as in larger engines. The final configura- 
tion of the Model 250 is shown at the top of page 54. 
Highlights of this arrangement include: 


Combustion-Chamber Location — Only one or two 
combustion chambers can be used because of 
quenching effects. This makes the combustion 
chamber unwieldy; it won’t fit into the cigar-like 
outline of the large engine. So the single combus- 
tion chamber is located aft of the engine, and the 
compressed air flows into it from two external tubes. 
Gases leaving the combustor move forward through 
the turbine into an exhaust hood in the middle of 
the engine. The position of the can-type combustor 
makes it readily removable for service and mainte- 
nance operations. 

Gear Case Is Primary Structure — The gear case 
is the primary structure of the engine and carries 
the mounting pads. The compressor assembly is 
bolted to the forward face of the gearbox, and the 
turbine-combustor assembly (including the exhaust 
hood) is attached to the rear face. Maintenance 
and service operations are easier as the main engine 
elements can be removed from the gearbox and re- 
placed in the same manner as the starter. This ar- 
rangement also lends itself readily to a twinned 
version of the engine. 


To Order Paper No.49R . . . 
> ...0n which this article is based, turn to page 6. 
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Probing failures points way to... 


Improving Jet 


Engine Reliability 


Based on paper by 


S. S. Manson and G. M. Ault 


NASA Lewis Research Center 


and B. Pinkel 


Rand Corp. 


STUDY of parts replacement during major over- 

haul of jet engines has revealed, for example, 
that 60% of the engines of one type required burner 
component replacement, while in another engine 
80% of the turbine sections had to be replaced. 

This represents military experience—and ex- 
perience with commercial jets may be different. 
Nevertheless, the findings indicate the great need to 
determine the factors causing component failure 
and develop practices that will reduce them to a 
minimum. 


Creep and stress rupture 


A large percentage of the failures in jet engine 
parts is due to the high operating temperatures. 
Creep and stress rupture is one of the failure mecha- 
nisms. Subjected to a steady load at elevated tem- 
peratures, a material elongates or creeps continu- 
ously with time and, after a certain period of time, 
there is a rupture. known as stress rupture. Stress 
and temperature have, therefore, a critical effect on 
the life of a material. 

If the rupture time or life of the common high- 
temperature alloy S-816 is plotted as a function of 
the temperature for a stress of 15,000 psi, the slope 
of the curve is such that an increase in temperature 
of 5% cuts the life by a factor of 10, while decreasing 
the temperature by 5% would increase the life by 
the same factor. This explains why small tempera- 
ture changes can affect so drastically the life of 
turbine buckets and discs that are under the action 
of steady centrifuga] stress. By the same token, a 
small increase in stress can have a large effect on 
life. A 5% increase in speed for one engine, while 
maintaining the temperature, results in a change 
of stresS rupture life in the turbine bucket of about 
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a factor of 3. Thus, stress and temperature must be 
controlled carefully in such components as turbine 
buckets and discs. 


Turbine bucket life 


Fig. 1 illustrates a plot of the method used to de- 
termine maximum turbine bucket life. At the base 
of the bucket the life is high, although the stress is 
high because of the low temperature. It is also high 
at the tip, although the temperature is high because 
the stress is low. About midway between the base 
and tip, stress and temperature combine to produce 
minimum life. This is the section where stress rup- 
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Fig. 1— Maximum life of a turbine bucket is influenced 
by the life of each section. About midway between base 
and tip, stress and temperature combine to produce mini- 
mum life. Here is where stress-rupture failure occurs. 





Improving Jet 
Engine Reliability 


... continued 


ture failure occurs. This minimum life varies from 
less than 1000 hr to 30,000 hr among engines of dif- 
ferent design. 

Stress-rupture data usually show considerable 
scatter and this is true with turbine buckets. An 
investigation to determine the lives of 46 buckets 
placed in one wheel showed this clearly. The wheel 
was operated and as each bucket failed it was re- 
placed until all 46 buckets had failed. The life of 
the first bucket to fail was about 180 hr, the life of 
the last was almost 600 hr. This spread is typical in 
jet engines and, from an operating standpoint it il- 
lustrates the inadvisability of one by one replace- 
ment if the mechanism of failure is stress rupture. 
When failure begins the turbine should be com- 
pletely rebucketed. Some useful bucket hours will 
be lost but as yet is is impossible to distinguish poor 
from good buckets in advance of failure. 

These facts are significant to replacement prac- 
tice. If an inspection period had been set for 150 hr, 
the first inspection would have shown no failures, 
while the second, at 300 hr, would have shown al- 
most half the buckets to have failed. For this reason 
a replacement schedule for time-dependent failures 
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Fig. 2— Measured elongations at various points in a tur- 
bine bucket after 9 and 28 hr of operation. Where stress 
and temperature are critical, local elongation may run as 
high as 8%. 


must be based, not only on appearance on overhaul, 
but on experimentally determined life expectancy. 


Creep is no sentry 


The use of creep to warn of an impending failure 
of a turbine bucket is not wholly practical. The 
buckets fail with an apparent low overall elongation 
because the high strain is localized. Local elonga- 
tion may run as high as 8% at the section involving 
the critical combination of stress and temperature 
(Fig. 2). 


Obviating stress-rupture failures 


Several remedial measures can be applied when 
the principal failure is one of stress rupture. Lower- 
ing the stress or temperature can increase stress- 
rupture life greatly, hence a slight derating of an 
engine may extend life substantially. A study of one 
engine revealed an increase in the computed stress- 
rupture life of the turbine bucket by a factor of 44 if 
the temperature was decreased 100 F and the speed 
reduced 4%. A 6% loss of thrust was involved, but 
the greater efficiency brought about a 4% decrease 
in specific fuel consumption. Careful attention must 
be paid to the cooling system to insure its proper 
functioning and to this end warning devices to indi- 
cate malfunction would be extremely helpful. 

Since stress-rupture failures usually occur with 
little warning and can, in the case of disc or turbine 
bucket, produce catastrophic results, they must be 
avoided. Design stresses should be kept so low that 
the theoretical life is well beyond the expected use 
time of the component. This would allow in addi- 
tion a margin for simultaneous mechanisms of dete- 
rioration such as mechanical and thermal fatigue. 
However, if the press for high performance forces 
operation in a stress-rupture range of limited life, 
the operator must be prepared to protect the engine 
by a replacement schedule. 


Mechanical fatigue 


Turbine buckets, compressor blades, the fastening 
region of the disc, the balls and races of thrust bear- 
ings, and various sheet-metal parts have all been 
found susceptible to failure by fatigue. Fig. 3 shows 
typical bucket failures. In the case of stress rup- 
ture, the failure cross-section is rough and the fail- 
ure path is in the crystal boundaries. When the 
mechanism is one of fatigue we usually have the 
familiar concentric rings and a smooth section 
where the failure is initiated. When fatigue has re- 
duced the cross-sectional area beyond its capacity 
to sustain load, failure usually occurs by stress rup- 
ture. 

The origin of compressor failure usually occurs at 
the maximum camber point where vibratory stresses 
are the highest. In the case of bearings and race- 
ways, the highest sheer stresses usually occur 
slightly beneath the surface and the failure initiates 
in this region. Some components, notably the com- 
pressor, fatigue at low or moderate temperature, 
while others, such as buckets, fatigue at elevated 
temperatures. In many cases involving high-tem- 
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perature fatigue we cannot even count on such a 
thing as an endurance limit, a stress below which 
the material can withstand an indefinite number of 
cycles without failing. It is an important charac- 
teristic of the jet engine that in cases involving me- 
chanical fatigue the number of cycles accumulated 
is very high even within a short operating time. 


Remedial measures 


An improvement in material quality will often 
solve the problem of fatigue failure. Material clean- 
liness is especially important in bearings now that 
consideration is being given to the use of higher 
temperatures at which SAE 52100 steel becomes too 
soft to be serviceable. Molybdenum-base tool steels 
show promise because of their dimensional stability 
and high hardness over a wide temperature range. 
Early fatigue results with these materials were dis- 
appointing, but development of very clean heats of 
tool steels by consumable electrode vacuum melting 
has produced bearings with high-temperature fa- 
tigue life comparable to that of SAE 52100 at room 
temperature. 

Another remedial measure is to reduce the excit- 
ing force causing the alternating stress. The load 
on thrust bearings can be reduced by distributing 
the thrust among several bearings. Small reduc- 
tions in load will greatly increase life since the 
fatigue life varies as the reciprocal of the cube of 
the load. 

With turbine buckets the vibratory force can be 
reduced in several ways—by proper spacing be- 
tween the nozzle and the turbine wheel, changing 
from multiple to annular combustors, or by avoiding 
operating speeds that cause resonant vibration. Ju- 
dicious arrangement of the nozzle vanes so that the 
spaces between them are not all equal has been 
found to reduce the exciting force. Fig. 4 illustrates 
the principle involved. In the standard nozzle dia- 
phragm (shown as having 15 vanes while the sys- 
tem investigated had 48) the spacings are all equal. 










The rotating buckets are thus subjected to regular 
impulses 48 times per revolution, and the resonance 
of this exciting force with one of the many complex 
vibrational modes of the bucket can cause large vi- 
brations. Breaking up the impulses can reduce the 
exciting forces. A desirable and practical arrange- 
ment is shown in which the 48 nozzles are divided 
into three sections, one section having approximately 
10% larger spacing than average, the other section 
10% smaller spacing. In addition, a small displace- 
aoe (phasing) between sections was found desira- 

e. 

At a spacing of about 8.5% (8.5% greater in one of 
the three segments, 8.5% smaller in another) the 
overall excitation is the lowest — about one-third 
the excitation of the uniformly spaced nozzle as- 
sembly. 


Compressor blade vibration 


Rotating stall is the principal vibration exciting 
force in the case of compressor blades. Under cer- 
tain conditions, usually at part rated speed, the inlet 
air is not a smooth, continuous medium but broken 
up into a number of dead or stall zones. These 
zones rotate relative to the compressor blades and 
act effectively as hammer blows. The remedial 
measures here are to provide an annular blocking 
baffle at the compressor inlet during part-speed op- 
eration, which is retracted at full speed, or to pro- 
vide compressor bleed during part-speed operation, 
or by variable-area guide vanes. The use of 
two-spool engines is another approach. Vibratory 
stresses in both compressor and turbine blades can 
be reduced appreciably by increased damping either 
internally or externally by special devices. 


Thermal distortion and thermal fatigue 


Thermal stresses associated with high-tempera- 
ture gradients have been found to be a leading fac- 





Fig. 3— Failure caused by stress 
rupture presents a different ap- 
pearance in the cross-section from 
that caused by fatigue. A still dif- 
ferent cross-section appears when 
stress rupture initiates a crack fol- 
lowed by fatigue failure. 








Improving Jet 
Engine Reliability 


. . continued 
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Fig. 4— Problem of turbine bucket excitation due to gas passage 
through the nozzle vanes can be ameliorated by variable spacing of these 
vanes. Space change within segments, together with phasing between 
segments, can reduce excitation to one-third that experienced with uni- 
form nozzle spacing. 
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Fig. 5— Turbine disc temperature at transient and equilibrium condi- 
tions. Five minutes after starting the engine the difference in tempera- 
ture at the center and at the rim is the greatest. 
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tor in causing component deterioration. For some 
components the high-temperature gradients occur 
in steady-state operation; for others, only in the 
transient condition. Fig. 5 shows the conditions of 
operation in a typical turbine disc. Disc tempera- 
ture is plotted as a function of the radius, both at 
rated and transient conditions. Five minutes after 
starting the engine, the difference between the tem- 
perature at the center and at the rim was the great- 
est. The rim tends to expand much more than the 
centers, but this expansion is prevented by the 
huskier center section, therefore the disc is at very 
high compressive stress, usually higher than its 
elastic limit, and compressive plastic flow occurs. 
On return to room temperature the rim goes into a 
state of residual tensile stress. Alternate cycling 
frequently results in rim cracking. 

In the case of inner liners, a temperature differ- 
ence of 700 F per in. exists in some regions in the 
circumferential direction. These gradients result in 
local distortion and plastic flow, which produce 
cracking after repeated cycling. 

There are several problems in the case of nozzle 
vanes. First, adjacent nozzle vanes do not operate 
at the same temperature and, again, within a given 
nozzle vane high-temperature gradients exist. Noz- 
zles near the center of a given combustor operate at 
a temperature as much as 400 F higher than the 
nozzles near the junction between two combustor 
outlets. When all these nozzles are attached to the 
same inner and outer rings, the differential expan- 
sion of adjacent nozzles can cause distinct buckling 
and cracking, both of the nozzles and the rings. 


Thermal stress fatigue on start 


An investigation was conducted recently to deter- 
mine the relative importance on thermal stress fa- 
tigue of the starting, the steady-state operation, and 
the shutdown process. The start was found to be 
by far the most detrimental factor. Fig. 6 shows the 
temperature distribution in the leading edge area 
during normal start. A temperature difference of 
840 F was observed within a 0.02-in. dimension. Al- 
though starting was the primary factor leading to 
cracking, steady-state operation hastened the proc- 
ess, thus indicating the desirability of maintaining 
low steady-state centrifugal and thermal stresses as 
well as low transient thermal stresses. 

One obvious solution is to minimize the tempera- 
ture and temperature gradients, for example, by 
using more gradual and controlled starts (Fig. 7). 
In one experiment to increase bucket life by control- 
ling temperature surges during start, a special fuel 
distributor was designed, which supplied fuel to each 
combustor in sequence, thus permitting successive 
ignition of the combustors. No failure was induced 
after 900 cycles of starting and stopping, whereas 85 ~ 
normal cycles were sufficient to cause crack forma- 
tion. Some technique of this type would seem ad- 
vantageous for limiting the rate of temperature 
buildup during the most critical portion of the cycle. 

Gradual starts would have probably little bene- 
ficial effect on the significant thermal gradients in 
the disc because of its high thermal inertia. As 
shown in Fig. 5, the maximum temperature differ- 
ential between the center of the disc and the rim 
does occur during the transient period, the rim 
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reaching its maximum temperature very early after 
start because of exposure to hot gases. One possible 
approach to reducing temperature differentials 
might be to increase the center temperature more 
rapidly by incorporating a system that directs some 
of the hot combustion gas in this region during the 
early period after starting. This might make possi- 
ble maintaining the thermal stresses during the 
transient equal to or lower than those during the 
steady-state condition. 


Role of inspection 


Periodic inspection and replacement should assist 
in coping with the deleterious effects of thermal 
cracks. Greater susceptibility to thermal cracking 
would be expected if the number of hot starts were 
large. Therefore, it would seem reasonable to 
schedule inspections after a certain number of hot 
starts. A replacement schedule based on experience, 
and laboratory and engine tests would be helpful in 
avoiding failures from thermal distortion and ther- 
mal fatigue. 


To Order Paper No.49T . . . 
...0n which this article is based, turn to page 6. 
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Fig. 6 — Temperature distribution in the leading edge 
of a turbine bucket during normal start of a )-47 
engine. 
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Fig. 7 — Exhaust gas. temperature of J-47 engine during normal and 
gradual starts. Gradual starts greatly increase turbine bucket life. 
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Buy a New Machine? 
Facts and Judgement Help 


Based on report by secretary 
A. T. BLACKBURN Cincinnati Milling Machine Co 


ANAGEMENTS have begun to recognize the 
hazards in hunches and intuition which his- 
torically have been the basis for a large percent- 
age of the decisions dealing with investments in 
plant and machinery. Today managements are 
calling for facts and figures to point the way or to 
sustain or dispute their judgments. Among the 
more factual approaches taken to guide decisions 
are: 
1. Simple Payoff wherein by approximate com- 
putation annual anticipated savings are ratioed to 
the investment concerned. Hence, if a $5000 in- 
vestment is to return an annual savings of $1000 
the investment will pay for itself in five years. 
From rules of thumb, managements may operate 
by expecting a return of the investment in two, 
three, four, five or more years as policy or avail- 
ability of funds may dictate. 

2. The MAPI (Machine and Allied Products In- 
stitute) Formula which is a more searching at- 
tempt to weigh alternatives. A present machine 
sometimes referred to as a “defender” is com- 
pared with a proposed new machine often re- 
ferred to as the “challenger” by a careful weigh- 
ing of: capital costs, operating costs, primary 
service life, technological obsolescence, salvage 
values, differential in revenue return. 

The next year’s advantage or disadvantage of 
making an investment is computed as a guide to 
decision. 

3. Cash Flow Method wherein cash outlays and 
return throughout the service life of a machine is 
discounted to a present worth value as a basis for 
comparing alternatives. 

Pertinent as all of the previous considerations 
may be in the specifics of a given situation, they 
do not necessarily develop the whole problem. 
Technological developments, speculation in future 
markets, and changing economic aspects often 
call for additional considerations when weighing 
machine tool investments. In these areas it is 
necessary to take a long-range look in justifying 
capital expenditures. The farther ahead one 
plans the more nebulous become the facts and the 
more necessary assumptions and judgments. 

Serving on the panel which developed the in- 
formation in this article, in addition to the panel 
secretary, were: H. A. Gay, Cincinnati Milling 
Machine Co.; F. A. Duca, General Motors Corp.; 
V. A. Albaugh, Chrysler Corp.; R. L. Dustman, 
General Motors Corp.; K. C. White, Thompson 
Ramo Wooldridge, Inc.; and C. B. DeVlieg, De- 
Vlieg Machine Co. 

(This article is based on a secretary’s report of 
a production panel entitled “Scheduling: Rela- 
tionship of Capital Expenditures and Inventory.” 
This report — along with 8 other secretaries’ re- 
ports on various production subjects — is avail- 
able in multilith form as SP-326. See order blank 
on p. 6.) 








Air Ferce program evaluates 


the machining characteristics of 





AM-350 Stainless 


Based on paper by 


P. R. Arzt, J. V. Gould, and J. Maranchik, Jr. 


Metcut Research Associates, Inc 


N Air Force research program is providing valua- 
able data on machining the martensitic low-alloy 
steels, hot-work die steels, and martensitic stainless 
steels in the high hardness ranges. 
This article discusses results, to date, obtained 
with AM-350 precipitation-hardening stainless steel, 
solution treated and aged. 


Turning tests 


Turning proved to be the least difficult of the 
various types of machining operations being studied 


im 
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HIS ARTICLE on AM-350 stainless steel, solu- 

tion treated and aged, is the result of an Air 
Force program set up to evaluate the machining 
characteristics of the more commonly used high- 
strength thermal-resistant materials. The work 
is being performed by Metcut Research Associ- 
ates, Inc. under contract to Wright Aeronautical 
Division of the Curtiss-Wright Corp. 


AISI 4340 and Vasco Jet 1000, other materials 
tested under this program, were discussed, re- 
spectively, in the May and June issues of SAE 
Journal. A-286 will be discussed in the August 
SAE Journal. 
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for the ultra-high-strength thermal-resistant al- 
loys. It was possible to obtain reasonable tool life 
in turning without resorting to unusual types of 
tools, tool geometries, or techniques. Good tool life 
results can be obtained by adhering to the following 
general recommendations: 


1. Use a rigid machine, and strong, solid tools and 
fixtures. 

2. Use the proper type of carbide. For a given 
type of carbide, select the hardest grade that will 
perform without chipping. 

3. Use cutting speeds, feeds, and tool geometries 
selected from turning data obtained under con- 
trolling cutting conditions. 


Tool life results for turning AM-350, solution 
treated and aged to 47 R., are shown in Fig. 1. 


Drilling tests 


The drilling tests performed on the ultra-strength 
alloys consisted of drilling 1% in. diameter by '% in. 
deep through holes. Drill life end point was an 
arbitrary 0.015 in. wearland on the drill margin or 
complete breakdown, whichever occurred first. 

A drill life of 107 holes was obtained in drilling 47 
R. AM-350 using a T-15 drill with a crankshaft 
point, a cutting speed of 20 fpm, a feed of 0.002 in. 
per rev. and a highly sulphurized oil (Fig. 2). 


Tapping tests 

Fig. 3 shows that a good tap life of 101 holes was 
obtained in tapping 47 R, AM-350 using a standard 
M-10, 4-flute taper tap, a cutting speed of 9 fpm, 
75% thread, and a cutting fluid made up of 3 parts 
of highly chlorinated oil and 1 part of 1, 1, 1 in- 
hibited trichloroethane. 


To Order Paper No. 43R .. . 
...0On which this article is based, turn to page 6. 
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DRILL LIFE - 


Fig. 2— Drilling AM-350 solution treated and aged to 444 
Bhn (47 Rockwell C); effect of drill geometry. Drill: T-15 
HSS; diameter: 0.250 in.; length: 4 in.; helix angle: 29 deg; 
clearance: 7 deg; cutting speed: 20 fpm; feed: 0.002 in. per 
rev.; depth of hole: 0.500 in.; cutting fluid: highly sulphurized 
oil diluted 1:1 with light machine oil; wearland: 0.015 in. 
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TEST STOPPED 
AT 37 MINUTES 
005" WEARLAND 


225 


CUTTING SPEED - FEET/MINUTE 


Fig. 1— Turning AM-350 solution treated and aged to 444 
Bhn (47 Rockwell C). Tool: C-2 carbide; side rake: 5 deg 
(see graph); back rake: 0 deg (see graph); nose radius: 0.032 
in.; side cutting edge angle: 15 deg; end cutting edge angle: 
15 deg; relief: 5 deg. Mechanical chip breaker. Feed: 0.009 
in. per rev.; depth of cut: 0.100 in.; cutting fluid: none; wear- 
land: 0.015 in. 


9 FEET/MINUTE 


12 FEET/MINUTE 


TAP LIFE - NUMBER OF HOLES 


HIGHLY CHLORINATED HIGHLY HIGHLY 
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TRICHLOROE THANE ol OL #1 


CUTTING FLUID 


Fig. 3 — Tapping AM-350 solution treated and aged to 444 
Bhn (47 Rockwell C) ; effect of cutting fluid and cutting speed. 
Tap: 5/16-18 NC 4-flute taper; tap material: M-10 HSS; per- 
cent thread: 75%; depth of hole: 0.500 in.; end point: tap 
breakage. 











Low-Cost Engines for 


Based on paper by 


Norman Kendall 
“Shell” Research, Ltd 


S a direct result of investigations into methods for 

evaluating lubricating oils, the Institute of Pe- 

troletim has selected three inexpensive engines for 
test purposes. These are: 

Gardner 1.L: A single-cylinder, 4-stroke, compres- 
sion-ignition engine. Adapted for a 130-hr deter- 
gency test. 

Petter A.V.1.: A single-cylinder, 4-stroke, compres- 
sion-ignition engine. Adapted for a 120-hr deter- 
gency test. 

Petter W.1.: A single-cylinder, 4-stroke, spark-ig- 
nition engine. Adapted for a 36-hr test to evaluate 
copper-lead bearing corrosion. 


Gardner HD.4 Test 


The Gardner diesel engine was adopted by the 
“Shell” Thornton Research Center for screening 
diesel engine oils. It is manufactured by Norris, 
Henty & Gardner, Ltd., Patricroft, England as a lab- 
oratory unit at a cost of about $550. It is readily 
available and can be supplied direct coupled to a 
suitable hydraulic dynamometer or electric genera- 


he Institute of Petroleum, centered in London, 
has worldwide membership and in its pro- 
fessional aspects resembles the SAE. One of its 
very important functions is the standardization of 
test methods for the examination and evaluation 
of all petroleum products. 


This function is the responsibility of the Engine 


Tests of Lubricants Panel, composed of repre- 
sentatives of the petroleum industry, engine pro- 
ducers and users, industrial research organiza- 
tions, National Defense, and other Government 
bodies. 


Norman Kendall, author of this paper, is chair- - 
man of the Panel. 





tor for loading purposes. Being virtually a single- 
cylinder version of a standard line, standard com- 
ponents and supplies are easily had. It is robustly 
constructed and gives an extended life without need 
for major overhaul. The maker’s policy of ensuring 
interchangeability of new components with those of 
previous design delays obsolescence. 

An open combustion chamber in the piston crown 
gives good combustion efficiency, and the engine is 
fully representative of current British diesel-engine 
practice. The oil addition procedure used with this 
HD.4 test method has been developed to render the 
results fully independent of the engine’s oil con- 
sumption rate, at the same time it has set a maxi- 
mum oil consumption limit of 0.1 lb/hr to enable the 
test to be fully complete. No undue difficulty is ex- 
perienced in maintaining oil consumption rates be- 
low this limit, which represents approximately 1.6% 
of the fuel consumption rate under the test condi- 
tions. 

Thus far use of this engine has been confined to a 
few laboratories in the United Kingdom. 


Petter AT.4 Test 


The Petter A.V.1. laboratory precombustion- 
chamber diesel is made by Petters Ltd., Staines, 
England, at a cost of $300. The basic engine is in 
volume production and sold widely with all spare 
parts available. The use of critical components 
manufactured to precision limits ensures consist- 
ency of test conditions with respect to oil consump- 
tion, combustion efficiency, and engine component 
temperatures. These parts, such as pistons, rings, 
and liner, are obtained separately from specified 
specialist manufacturers under special part num- 
bers. 

In developing a suitable test procedure, emphasis 
was laid upon obtaining consistent and significant 
results in a reasonably short running neriod. At- 
tempts were made to increase piston temperature 
while avoiding undue stress on other components 
which would result from running at excessive power 
output. This was accomplished by using kerosene 
as a coolant, which has poor heat transfer properties 
as compared to those of water. To avoid operating 
difficulties arising from excessive cylinder-head 
temperatures with this coolant, a reversed-flow 
system was adopted with coolant entering the en- 
gine at the top of the cylinder head and leaving 
from the lower part of the cylinder jacket. Inlet 
and outlet temperatures of 78 and 85 C, respectively, 
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Lubricants Testing 


have been adopted together with a sump oil tem- 
perature of 55 C. Use of these temperatures in con- 
junction with an engine power output of about 5 bhp 
at 1500 rpm enables satisfactory results to be ob- 
tained with a test of 120-hr duration, following an 
8-hr run-in. 

No attempt should be made to relate the ratings of 
individual items in the Petter A.V.1. engine with 
those in the Caterpillar single-cylinder test engine. 
However, the overall conditions of the Petter engine 
when operating to the AT.4 procedure can be used to 
give a good indication of an oil’s performance in the 
Caterpillar engine as assessed for approval to the 
internationally recognized military and civil heavy- 
duty oil specifications. 


Petter W.1 Bearing Corrosion Test 


The Petter W.1. oxidation test is intended mainly 
to be a laboratory test.as an alternatiye to the Chev- 
rolet L-4 test for the determination of resistance to 
cooper-lead bearing corrosion, and oxidation stabil- 
ity of the oil. The piston skirt and undercrown rat- 
ings, however, can provide a considerable amount of 
additional information. 

The engine has an 82.5-mm stroke and 85-mm 
bore and is manufactured for about $300. The W.1. 
engine is in large-scale production for industrial use, 
but the laboratory version has a number of modifica- 
tions to meet the needs of the particular test proce- 
dure adopted. It has a modified lubricating system 
to match that of the L-4 engine, Tocco-hardened 
crankshaft, special copper-lead bearings, and pro- 
vision for an electric sump-oil heater. All modifica- 
tions are factory made before delivery. 

To maintain the test temperature of the lubricat- 
ing oil (280 F or 137 C, the same as the L-4 and L-38 
tests) an electric heater, made up in the form of a 
“frying pan” heater, is clamped to the machined un- 
derside of the crankcase, a thick metal plate being 
provided to prevent local hot spots, which would 
otherwise cause coking of the oil. This provides the 
main heat, and to establish the necessary degree of 
oil temperature control, a small auxiliary heater en- 
closed in a thick metal sheath is inserted directly 
into the crankcase with a control thermostat along- 
side. An electronic relay is used to control the 
heater from the thermostat. 


Further Modifications 


In a multicylinder engine such as the Chevrolet 
L-4 the heat is generated within the engine, hence 
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merely raising the oil temperature to that of the L-4 
test does not raise the temperature of the compo- 
nents to the same extent. To overcome this problem 
a “hot spot” heater is clamped to the side crankcase 
door, and a dipper attached to the connecting rod 
continuously throws oil over this heated surface. 
The temperature of this hot spot is controlled to 200 
C as measured by thermocouple in the center of the 
plate. 

Another part of the test procedure helping to con- 
trol repeatability is control of crankcase ventilation. 
A flapper control valve is fitted so that the crankcase 
operates under a small vacuum. This helps to pre- 
vent oil leaks and also to control the amount of ox- 
ygen in the crankcase atmosphere. Details of the 
lubricating system are shown in Fig. 1. 


To Order Paper No. 66U ... 
...0n which this article is based, turn to page 6. 
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Fig. 1 — Lubricating oil system of the Petter W.1. oil test engine. 
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Propellant 


Be Controlled 


THRUST magnitude variation in solid-propellant 
engines can be controlled by variable orifice or var- 
iable-nozzle throat systems. They work by control 
of chamber pressure. 

The greatest thrust variation in solid-propellant 
engines is caused by grain temperature variation 
—there is a 25-30% increase for each 100 F in- 
crease. A unit operating at 120 F can be made to 
produce the same thrust level as that produced at 
-40 F. This is done by opening an additional 
throat area in order to lower the pressure. 

Thrust variations caused by altitude changes can 
also be controlled this way. 


Control of chamber pressure 


If a variable orifice or a variable-nozzle throat 
is installed in addition to the existing fixed throat, 
the equation for chamber pressure is: 


P P ef m+arT-Tpr) 
=fr —___——_.——— ] l/1-n 
P - ( 1+X ) 


Therefore, as the temperature (T) rises, the 
chamber pressure can be controlled by varying the 
ratio of the variable area to the fixed throat area 
(X). 


Constant chamber pressure, constant thrust system 


The chamber pressure can be kept constant when 
the propellant temperature changes by using lateral 
orifices to expel gases (without resultant thrust). 
This system (Fig. 1) will deliver a constant thrust 
as long as the chamber pressure remains constant 
(Fig. 2); the chamber pressure in this system is 
~ aot equal to the design chamber pressure (Fig. 


There is a large loss of specific impulse as tem- 
perature rises to 120 F. But where there are narrow 
grain temperature ranges, lateral ejection is a sim- 
ple way to maintain close thrust magnitude control. 


Constant thrust, variable orifice system 


If a variable orifice is installed in the aft end of 
the system, thrust will be obtained from all the 
ejected gases. Fig. 4 shows such a system, and Fig. 
5 compares the constant thrust curve for this type of 
control with the curve for no control. Values for 
tempera‘'ire, chamber pressure, and burning rate 
for assigned values of X may be calculated — Fig. 6 
and Fig. 7 show the plotted results. 

There is a gain in specific impulse over a conven- 
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Control System Equations 


IN this paper, formulas for each control 
system are derived from the following 
three fundamental equations of burning 
rate and mass rate of flow: 
Tr = hyP a 
Wr= T,Ayp 
. _PArg 
ee 
Equations derived include those for 
chamber pressure, thrust, burning time, 
burning rate, change in specific impulse, 
and area ratio. For analysis, the grain 
temperature is assumed to vary from 
T,=-40 F to T=120 F. Typical values 
were assumed for coefficients, ratios, and 
so on, in obtaining the results plotted from 
the equations. 
Nomenclature 
P= Actual operating chamber pressure, 
psi 
P,, = Altitude air pressure 
A, = Throat area of the nozzle, sq in. 


A, = Burning surface area of the propel- 
lant 


A,, = Variable orifice area 


C*,=Characteristic velocity at grain 
temperature (T), fps 


E=Nozzle expansion ratio 


h,=Burning rate coefficient at grain 
temperature (T). 


I,, = Specific impulse 


p=Density of propellant grain, lb per 
cu in. 


r,= Burning rate of propellant at grain 
temperature (T), in. per sec 


T = Actual propellant temperature 
T,=Propellant temperature at design 
condition 
W,=Weight flow of propellant gas at 
grain temperature (T), lb per sec 


n=Burning rate exponential of pres- 
sure 
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x, = Exponential temperature coefficient 
of burning rate at constant pressure 


X = Ratio of variable area to the fixed 
throat area 


m = Exponential temperature coefficient 
of C* determined experimentally 
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tional system at the lowest temperature (where 
there is minimum performance). This counteracts 
a loss in specific impulse at the highest tempera- 
ture. 


Constant thrust, variable nozzle system 


The efficiency of the variable orifice can be in- 
creased by adding an expansion cone to the orifice. 
This makes it a variable nozzle (Fig. 8). The pres- 
sure decreases with increasing temperature. Fig. 
9 shows chamber pressure variation with design 
pressure equal to 1090 psia. Fig. 10 shows the gain 
and loss of specific impulse at — 40 F and 120 F, re- 





Fig. 4 — Constant thrust, variable orifice (aft end ejection). spectively. 


Altitude and thrust control 
We can control the gain in altitude thrust the 










Fig. 5— Thrust versus tem- 
perature — constant _ thrust, 
variable orifice system. 
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Fig. 7—Constant thrust, 
variable orifice system. 
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same way as the temperature thrust gain — by 
varying the throat area. We shall consider the var- 
iable nozzle system because of efficiency; and the 
vacuum condition (P«,=0) for simplicity. 

Thrust increases with altitude in accordance with 
exit area. For example, if two units have the same 
sea level thrust, and one has a grain temperature 
of —- 40 F and the other 120 F, then the 120 F unit 
gains more thrust. This is because the exit area 
for the 120 F unit (ZA, (1+X) is larger than the 
— 40 F exit area (EA,). Fig. 11 shows the difference 
in thrust gained at altitude between the two units. 

In order to hold the thrust constant, the nozzle 
throat area is increased, and chamber pressure de- 
creased. The specific impulse increases with higher 
altitude. Fig. 8 — Variable nozzle — aft end ejection. 


To Order Paper No. 59T... 
...0n which this article is based, turn to page 6. 
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Defense $ Dilemma.... 


Manned Interceptors or Missiles? 


Based on paper by 
Herbert K. Weiss 


Tactical Weapon Systems Division, Aeronutronic Systems, Inc. 


O ground-launched missiles or manned inter- 

ceptor aircraft give the most defense per dollar? 

In some tactical environments, the answer may be, 

a combination of both ... since the problem is as 

much related to geography as to characteristics of 
the weapon systems. 

Interposed against potential attacks over the 
North Pole, the United States has the DEW line, the 
McGill Fence (or Mid-Canada line), and the Pine- 
tree Line. All of West Germany, on the other hand, 
is within a few hundred miles of potential enemy 
airfields. Sweden and Great Britain occupy some- 
what intermediate positions between these extremes 

. . SO that the problem of threat identification is 
obviously geographical. 

For a system to function at all, the attackers must 
be detected early enough so they can be engaged. 
This response time depends on the distance between 
the established “early warning (EW) line” and the 
territory to be defended .. . and, in some areas, on 
the political limitations imposed on use of inter- 
vening space. 

Perhaps retention of manned interceptors by 
countries close to potential enemies is an unex- 
pressed belief that the only safeguard against major 
aggression is retaliation with nuclear weapons. 
Where distances are short, such retaliatory strokes 
can be carried out by interceptor aircraft acting as 
fighter-bombers; they cannot be accomplished by 
surface-to-air missiles now available to small coun- 
tries. Hence, a country too small to afford both a 
defense and offense air force may well choose 
manned interceptors for the dual role. 

Considerable automation is present in missile fir- 
ing. But the number of decisions to be made sug- 
gests time delay between target detection and firing, 
even though only tens of seconds. Then there is the 
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final delay while the missile travels from launcher 
to target. 

In the case of manned interceptors, unless the 
piloted craft is on “runway alert” with engines 
idling, there will be delay in getting the pilot to the 
aircraft and engines started. Take-off time and 
climb to altitude make the time from initial com- 
mitment to target substantially greater than that of 
a missile. But the aircraft will have a greater range 
than the missile when the ground control environ- 
ment is limited in range or precision, since the man 
can be relied upon to play the “end game” of target 
acquisition, conversion, and kill. 

The alternative to the greater delay with manned 
aircraft is maintenance of continuous control. 

Whether a defense system is limited by range or 
speed of its defense weapons depends on target 
speed and on time available after early warning. 

Observation shows the relative advantages of the 
two systems to be: 


For missiles — 
@ High rate of climb — desirable if warning is 
short. 
@ No costly airfields and expensively trained 
pilots. 


@ Possibly smaller maintenance teams. 


For manned interceptors — 
@ Longer range operation. 
@ Ability to patrol or loiter before attacking. 
@ Presence of an intelligent operator to monitor . 
equipment or make decisions. 
@ Generally less expensive, since they are re- 
coverable. 


Given a specified defense budget, it is possible to 
determine the best disposition of defense sites and 
level of defense that can be purchased with the de- 
fense dollar. 


To Order Paper No.61R .. . 
...0n which this article is based, turn to page 6. 
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In the defense system shown in Fig. |, the early warning (EW) ‘ine (a series of arcs) consists of radar sites with 
overlapping coverage. Behind the EW line are airfields or missile launch sites, with defended area as far as possible 
behind interceptor line. Consider a target approaching the EW line of Fig. 1. Fig. 2 shows time to reach various 
ssible to horizontal distances from launch site by both airplane and missile. |f defense flies collision courses to meet target 


sites and as early as possible, then contours may be drawn within which launch sites must be located. Fig. 3 shows such 
1 the de- contours. 
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Effects of Lube Oils 


on 2-Stroke Engines 
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barium additives A and B give a significant increase in 
piston skirt cleanliness rating. 
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Fig. 2— Both detergent and base stock composition have a large 
effect on the degree of exhaust port closure. 





Based on paper by 


H. V. Lowther, G. H. Shea, and K. C. Kresge 
Socony Mobil Oil Co., Inc. 


UBRICANTS affect the combustion and the fuel 
system of 2-stroke engines much more than they 
do 4-stroke engines. Laboratory studies of the ef- 
fects of lubricant composition, both base oil and ad- 
ditive components, reveal the following: 


1. Piston cleanliness: Predominant factor is the 
detergent. A number of metallic detergents worked 
well. Nonmetallics showed no advantage. 

2. Exhaust system deposits: Both detergent and 
base stock composition appear to have large effects. 

3. Wear: Base oil volatility has major effect in the 
absence of proper antiwear agents. No V.I. im- 
provers or antiwear agents prevented wear as well as 
the use of bright stock or heavy distillates. 

4. Spark-plug fouling: Additives, such as deter- 
gents, can enhance or detract from plug life to a 
great extent. No significant base stock effects were 
observed. 

5. No significant differences could be shown be- 
tween naphthenic- or paraffinic-base lubricants. 

6. No advantages or disadvantages in engine op- 
eration could be shown for any of the rust inhibitors 
tested. 


Piston Cleanliness 


Detergent additives, similar to those in 4-stroke 
engines, play the major role in determining piston 
skirt and ring zone cleanliness. Fig. 1 shows a con- 
centration study of several commercial detergents 
from 0-6% weight barium equivalents conducted in 
a 5.5-hp aircooled, 2-stroke engine. A cyclic test of 
119-hr duration was used. These are piston skirt 
ratings but ring zone and ring sticking ratings would 
show the same relative order. 

Detergents A and B (both barium additives) were 
chosen because they show a synergistic effect, first 
noted in our 4-stroke detergency studies. Detergent 
A alone (solid line) shows a leveling off point at 
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—— MIXED BRIGHT STOCK — 
DISTILLATE 


~~~ ALL DISTILLATE 
& 1% ANTI WEAR AGENT A 
@ 2% ANTI WEAR AGENT A 


AVERAGE RING WEAR, GMS 


VISCOSITY, SSU @ 210°F 


Fig. 3 — Effects of base oil composition on piston-ring wear. 
As little as 10% bright stock, in the case of a mixed distillate- 
bright stock base, held wear at a satisfactory level. 


about 0.3% Ba. Detergent B alone at 0.3% Ba has 
somewhat poorer response. In combination at the 
higher concentration, a significant increase in pis- 
ton rating is obtained. 

C and D—calcium detergents — were very good 
on a metal equivalent basis. It is doubted that sig- 
nificant overall advantages for either barium or cal- 
cium as a detergent base metal can be shown. The 
work illustrates the primary importance of the 
chemical structure of the detergent rather than the 
type of metal used. 


Exhaust Port Closure 


Deposition of solid combustion products can build 
up in the exhaust ports to a point where it seriously 
affects engine operation. And both detergent and 
base stock composition appear to have a large effect 
on the degree of exhaust port closure. Fig. 2 illus- 
trates both points with data from the previously 
mentioned 5.5-hp engine. 

With detergent A in mixed bright stock-distillate 
oils, port closure remained constant with increasing 
viscosity (or decreasing volatility). With the same 
detergent in all-distillate oils, increased deposits 
again followed increased viscosity, however, a defi- 
nite advantage was obtained over the whole viscosity 
range, especially in the lightest grade. Using the 43 
SSU and the 63 SSU all-distillate oils, a further re- 
duction in deposits was obtained with detergent D. 
Again the light viscosity oil provided the best result. 
Detergent D— also run in the 63 SSU mixed base — 
showed about the same increase in deposit over the 
all-distillate blend as the two comparable cases us- 
ing detergent A. Distillate-base stock, while reduc- 
ing port deposits, does have disadvantages which 
preclude its current use in 2-stroke products, ex- 
plained later. 


Engine Wear 


Wear can be critical in a 2-stroke engine because 
of the nature of its lubricating system. Most en- 
gines use main and rod bearings of the “frictionless” 
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Fig. 4— Illustrating wear data from two SAE 10W-30 oils em- 


ploying two well-known polymeric materials. Wear is reduced but 
not to the level obtained with.a*heavier base. 
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Fffects of Lube Oils 
on 2-Stroke Engines 


... continued 


roller or ball type, which have been rather trouble 
free. Studies, have, therefore, concentrated on pis- 
ton-ring and cylinder wear. 

Fig. 3 illustrates the effect base oil composition 
has on piston-ring wear. In the case of a mixed 
distillate-bright stock base, as little as 10% bright 
stock (43 SSU biend) was sufficient to keep wear at 
a satisfactory level. The all-distillate curve shows a 
very high amount of wear in the lightest base; the 
two heavier distillates being quite comparable to the 
distillate-bright stock blends. The material in Fig. 
3 as antiwear agent A is one of the better products 
evaluated. However, at 2% the wear level was still 
not equivalent to that obtained with a distillate- 
bright stock blend of 43 SSU. 

Anothez approach to improve light distillate wear 
characteristics was to use V.I. improvers. Fig. 4 
shows piston-ring wear data from two SAE 10W-30 
oils with two well-known polymeric materials. As 
with the antiwear agent A, a wear reduction is 
gained but not to the level obtained with a heavier 
base. However, no wear problems were noted in sev- 
eral hundred hours of operation of a 30-hp outboard 
engine, using the polymer A lubricant. 


Spark-Plug Performance 


The effects of detergent additives on spark-plug 
fouling are shown in Fig. 5. All of the oils used a 63 
SSU at 210 F distillate-bright stock blend. The wide 
range of results indicates detergent choice to be the 
predominant factor controlling plug fouling. Con- 
trary to our very early history of 2-stroke lubrica- 
tion, the proper detergent can improve plug life over 
that of nonadditive oils. 

A more indirect effect of lubricant on fouling is 
shown in Fig. 6. This study involved a fuel/oil ratio 
using a detergent oil, in a 1.4-hp engine. 

Plug fouling remained fairly constant over a 
broad range of mixture ratios. Even at a ratio as 
high as 100/1, little improvement could be noted. 
On the other hand, piston head deposit weights 
showed significant reductions at the higher fuel/oil 
ratios. This indicates composition rather than 
quantity of combustion-chamber deposits to be the 
predominant factor. 

Incorporation of selected rust inhibitors in 2- 
stroke oils prevents much of the rusting of cylinder 
walls and other ferrous parts when engine use is in- 
termittent and there are long periods of idleness. 


To Order Paper No. 65U ... 
...0On which this article is based, turn to page 6. 
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Tips from 


Renault's 
Automation 


Experience 


Based on paper by 


P. E. Bézier 


Régie Nationale des Usines Renault 


AULT’S experience in automating its Dauphine 
manufacturing lines reveals that European pro- 
ducers frequently solve their automation problems 
differently from American producers. Unlike eco- 
nomic conditions — as much as different engineer- 
ing approaches — are responsible. (In France, an 
automobile factory worker can buy less than a gal- 
lon of gasoline with one hour’s wages.) 

Renault uses sorting methods, for example, to 
solve the difficulties arising from the fact that tol- 
erances are relatively smaller on a Dauphine-sized 
car than on corresponding parts of a big car.... 
Pistons and liners are distributed (by diameter) into 
five classes of 0.0002 in. each. Borings of the small 
end of the rod and piston pins are distributed into 
five classes of 0.00008 in. each. 

When Dauphine production was started in 1956, 
output of the existing “750” model had already 
reached 800,000 per year. And, since the Dauphine 
and the “750” differed only in diameter of cylinder 
bores and pistons, it was decided to retool instead of 
duplicating the existing tooling .. . to insure the 
total output desired. But the opportunity to revise 
certain parts at that time resulted in: 


@ AppLcation of thin-wall bearings to connect- 
ing rods. 

@ Enlargement of the crankpin diameter from 
1% in. to 1% in. 

@ Increase of bore from 2.15 in. to 2.28 in. 


Then the hourly production asked for was gradu- 
ally increased from 50 to 125. Result: certain al- 
ready-designed machines had to be duplicated; 
stronger types had to be selected, in other instances, 
to take advantage of carbide possibilities. 

Though machining speed is limited by the fragil- 
ity of the particular part, it has sometimes been 
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possible at Renault to reach the following feeds: 


— drilling (in cast iron) 22 in./min 
— reaming 30 in./min 
— rough milling 36 in./min 
— finish milling 72 in./min 


Some body press lines have been completely au- 
tomated, despite the fact that some presses work 
successively with two or three different toolings 
within a four-week cycle. This tooling, of course, is 
specially designed; and is supplied with collapsible 
stops, part ejectors, automatic feeding, and extrac- 
tors. 

Transfer between these body presses is by belt 
conveyors, tilting devices, and similar means. These 
appliances are built on light structures and used for 
parts such as inner and outer door panels, instru- 
ments panels, rear seat-back deck panels, wind- 
shield frames, rear skirts, and rear panels. Many 
welding and painting operations are also automated. 

Forging presses — with semiautomatic handling 
—have already been set up... and an automatic 
valve-forging setup is planned. 

Timing was especially difficult in setting up one of 
the forging presses which is fed by six electric up- 
setters. The problem was to prevent accumulation 
of differences in cycle times of the upsetting ma- 
chines. These times depend on factors influencing 
the warmup of parts, nature of the material, contact 
with jaws, output of the transformers, and control 
of tension. 

It is easier to automate cold-heading, upsetting, 
and extrusion operations, because the bad effects of 
scale need not be feared. So, the problems are less 
severe in the making of tappets, valves, push rods, 
connecting rod bolts, and steering ball joints. 

Molding and pouring are semiautomatic at Re- 
nault, but so far its foundries have no really auto- 
matic line, except in coring. Engine liners, however, 
are centrifugally cast, four at a time, in metallic dies 

.. and, apart from the pouring, the line is auto- 
matic, from coating of the dies to delivery of the 
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In automating its automobile produc- 
tion, Renault has built more than | 200 
special machines, including about 
6000 units. The total length of the 
transfer machines used in its own 
plants is about one mile. (About 
80% of all these Renault-built special 
machines are used in its own plants. 
The remainder has been sold to other 
manufacturers. ) 


parts in bins. Control is pneumatic, so dust prob- 
lems are eliminated. 


Special Machines 


To automate its lines successfully, Renault faced 
the need to build — in less than 24 months — about 
200 special machines . . . including 20 transfer ma- 
chines; 60 rotary tables; 120 single-station ma- 
chines, with 800 units. 

To accomplish this task, strict standardization was 
imposed from the beginning. All the special ma- 
chines were built starting from: 


3 machining units (1 to 10 kw) 

3 rotary tables (2 x 4 ft) 

2 transfer blocks (2 widths-pitch, ranging 
from 15 to 60 in.) 


Under these conditions, the value of the stand- 
ardized elements in a special machine reaches 30 to 
60% of its total cost ... and all Renault transfer ma- 
chines can be palletized, even when they apply to 
parallelepipedic parts. 

Most motions of these special machines are elec- 
tromechanically controlled. 

Renault’s latest lines of heat treating furnaces are 
automated from the loading station to the sample 
control, through quenching and washing. (The 
heat treat shop processes 85 tons of rough and 38 
tons of machined parts daily.) 

Up to now, automatic assembling at Renault has 
been applied only to cylinder block caps... and the 
handling of parts from forge to foundry shops to 
machining shops is not automatic at all. 

But the extensive automation which has already 
been accomplished permitted the production in 1958 
of 431,000 automobiles with a working force of 58,000 
. .. less than double the 34,000 workers who built 
only 55,000 vehicles in 1938. 


To Order Paper No. 75T .. . 
...0n which this article is based, turn to page 6. 
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Nuclear Instrument 
Standards Being Studied 


REMENDOUS economies are possible 

for manufacturers and users of nu- 
clear instrument and control equipment 
if early standardization of concepts in 
the nuclear instrumentation field is 
accomplished. That’s why ASA Sec- 
tional Committee N3 on Nuclear In- 
strumentation is eager to have brought 
to its attention: 


e Information on the need for stand- 
ards in particular fields. It may then 
be possible to develop .a standard 
through appropriate channels, as N3 
will not actually prepare standards. 

e Concrete proposals that can be ex- 
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peditiously processed into usable stand- 
ards and adopted by the ASA. 


To carry out its assignment N3 has 
so far taken the following initial steps: 


e It has made a survey of standards 
in existence or being prepared. R. F. 
Shea has summarized the results in, 
“Index of Nuclear Standardization 
Work.” 

eA chart (Fig. 1) showing the 
specific areas of interest has been pre- 
pared by Dr. Albert B. Van Rennes, 
SAE representative on the committee. 


In the chart the first echelon of or- 








A report of the 
SAE Nuclear Energy Advisory Committee 


ganization constitutes an umbrella 
structure, including fundamental defi- 
nitions, standards on basic methods 
for measurement of radiation, and ad- 
ditional applicable standards (such 
as those already developed by the In- 
stitute of Radio Engineers for defi- 
nition and measurement of pulses and 
other electronic quantities). 
Considerable interdependence neces- 
sarily exists between the definitions and 


1 Copies can be obtained from L. G. Cumming, 
technical secretary, Institute of Radio Engineers, 
1 East 79 St., New York City 21 
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the standards for measurement. Cross 
references should be used freely to re- 
late the two. 

Beneath the top echelon lies the 
hardware structure. This is subdivided 
on the basis that nuclear instrument 
equipment generally consists of an in- 
put transducer (detector), followed by 
some type of electronism (which in- 
cludes an output transducer). The 
detector receives its stimulus from a 
test source or radiation field. In cer- 
tain instances, such-as for dosimeters 
or thickness gages, it will be desirable 
to write standards on complete instru- 
ments rather than on components. In 
such cases, an instrument is considered 
to include a detector, an electronism, 
and perhaps a radiation source. 

Note that the stimuli to the detectors 
or complete instruments may come 
from the test sources, or from the am- 
bient radiation fields characterized in 
the echelon above. Within each hard- 
ware category there is a further break- 
down into third or fourth echelons, as 
shown in Fig. 1. Ultimately, each 
source, detector, electronism, and in- 
strument or group of sources, detectors, 
electronisms and instruments is to be 
characterized by each of the four types 
of standards that, in general, apply to 
every nuclear instrument or major 
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component thereof. These are: 


(1) Measurement of variables (neu- 
tron flux, dose rate, detector output 
signal, etc.). 

(2) Calibration of radiation sources, 
components (including detectors) elec- 
tronisms, and completed instruments. 

(3) Methods of testing. 

(4) Design and manufacturing 
standards. 


International Standards - Participation 
N3 is also planning to participate in 
the formulation of international stand- 
ards, through Technical Committee 45, 
which was authorized by the Inter- 
national Electrotechnical Commission 
in 1958. N3 chairman W. H. Hamilton 
has been nominated by the United 
States to be chairman of TC 45. R. 
F. Shea, a member of N3, is U. S. dele- 
gate to the committee. The 
meeting is planned for late 1959. 


Suggestions for the Committee 

Proposals that might be suitable for 
adoption as ASA Standards can be 
brought to the attention of the com- 
mittee by communicating with L. G. 
Cumming, technical secretary, Institute 
of Radio Engineers, 1 East 79 St., New 
York City 21. The IRE is the spon- 
soring society for N3. 
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How to Make 
Marine Engines Durable 
Excerpts from paper by 

H. D. PEACOCK 


Marine G Industrial Engine Division, 
Chrysler Corp 


(Presented before SAE New England Section) 


URABILITY requirements of a ma- 

rine engine are unique because, 
first, the marine engine must operate 
for extended periods of time at high 
speeds and under heavy loads; and 
secondly, a marine engine must resist 
corrosion from salt water. 

To provide the durability required 
for extended periods of operation, a 
marine engine manufacturer pays spe- 
cial attention to the valves, valve seats, 
and valve train design. To offset the 
valve temperatures encountered, it is 
normal practice to use premium valves 
and valve seat material. In many 
cases, special provisions for cooling of 
the valves, such as sodium-filled valve 
stems and/or rotators are used. As a 
result of the heavy loads, special at- 
tention is also directed to the con- 
necting-rod and crankshaft material 
and heat-treatment. Emphasis is also 
placed on bearing design and material. 
It is normal procedure to use premium 
parts in these critical areas. We have 
also found it advantageous, for dura- 
bility’s sake, to use either gears or 
heavy-duty chain drives for the water 
pump, generator, and camshaft. This, 
of course, prevents the failure of any 
of these accessories as a result of a 
broken V-belt or light-duty chain. 

To increase the durability of the en- 
gine even further, it is common prac- 
tice to use chrome top piston rings. 
We should note also that the marine 
engine manufacturers tailor the ma- 
rine transmission to do the job re- 
quired for boat propulsion. Since the 
propeller dictates the horsepower and 
the engine rpm that can be used, the 
marine transmission is normally a for- 
ward and reverse box with the built-in 
gear ratio to obtain desired propeller 
speeds. These boxes are designed to 
withstand high temperatures, heavy 
loads, and extreme operating condi- 
tions. Also, because of the unique in- 
stallation of a marine engine, there is 
a definite absence of cooling air from 
fan or forward motion of the boat. 
As a result, it is often necessary to add 
engine and/or transmission oil coolers 
to provide oil to the engine and trans- 
mission at temperatures that will not 
deteriorate bearing and seal materials. 

Corrosion is a particular problem in 
marine engines since it is often de- 
sirable to use salt water as a cooling 
medium. While this is not as serious 
in the Great Lakes region, it is of par- 
ticular importance along the coasts. 
When a marine engine manufacturer 
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designs his engine, particular attention 
is paid to the manifolds, the oil pan, 
the gaskets, the water pump impellers, 
water distribution tubes, and valve 
springs, to insure desired corrosion re- 
sistance. In addition, the electrical 
system is designed to be water resist- 
ant. 

There are also some peculiar treat- 
ments that are given to the tappets and 
to the engine temperature regulation. 
First, with regard to the tappets, we 
have found that, under marine opera- 
tion, hydraulic tappets tend to sludge 
and stick. Also, after long periods of 
layup, they may corrode and, as a re- 
sult, malfunction. Therefore, in all 
marine engine designs, we use exclu- 
sively mechanically operated tappets 
with lash adjusting screws. , 

Relative to the engine cooling, cor- 
rosion tests have indicated that salt 
water corrosion and deposits occur 
rapidly at temperatures above 150 F. 
Therefore, the thermostat on a marine 
engine is tailored to contro] the engine 
temperature between 135 and 150 F. 


To Order Paper No. $170... 
on which this article is based, see p. 6. 





Analysis of Mass Data on Exhaust Gas 
Speeded by Use of Two Techniques 


ANY problems associated with the 

analysis of exhaust gas will be 
solved as the result of a CRC study of 
the adaptability of the Model 15A 
Liston-Becker Infrared Analyzer to ex- 
haust gas analysis and of the develop- 
ment of the Model 28 Liston-Becker 
Exhaust Gas Analyzer. Both tech- 
niques described in CRC 322, “Tech- 
niques for the Continuous Analysis of 
Engine Exhaust Gas”, are adaptable 
for use with engines on test standards 
or in moving vehicles. 

Because Models 15A and 28 have 
distinct infrared absorption character- 
istics, quantitative analysis of carbon 
monoxide and carbon dioxide is possi- 
ble. 

However, hydrocarbon analysis per- 
formed with these analyzers require 
careful interpretation since the hydro- 
carbon fraction of exhaust gas con- 
sists of a complex mixture of unidenti- 


Standard Fuel Sought 


For Evaluating Thermal Stability of Jet Fuel 


HE results of the first 12 months of 

a fuel exchange program conducted 
by 40 different laboratories are given 
in CRC Report 333, “Fuel Thermal 
Stability Exchange Program”. The 
Air Force initiated study which is being 
made in an effort to establish a stand- 
ard reference fuel to measure the ther- 
mal stability of aviation turbine fuels 
requires the use of the CFR Fuel Coker. 

To date, the following conclusions 
have been reached: 


e Agreement among the laboratories 
in rating fuels of high and low thermal 
stability at test temperatures described 
in CRC Manual No. 3* has been satis- 
factory. 

e As expected in rating fuels in a 
mid-range of thermal stability at the 
test temperatures, agreement has been 
poor. This is particularly true for 
those fuels being tested near their 
threshold temperatures. 

e A great number of laboratories do 
not adhere to the operating procedure 
as specified in CRC Manual No. 3. 

e The items surveyed to determine 
conformity of the Manual and the 
method used in reporting these items 
were not sufficient to pinpoint any fac- 
tors which directly affected reproduci- 


* Entitled ‘‘Instructions for Operation and 
Maintenance of CFR Fuel Coker’? — 3/57. 
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bility. 

e As yet, it is not possible to arrive 
at an overall average or pooled stand- 
ard deviation that is meaningful be- 
cause: 


(a) The filter merit rating scale is 
not a linear function. 

(b) Reproducibility was found to be 
a function of the average rating of the 
fuel. 


A Flight Test Program 


In addition to the work previously 
described, CRC 333 contains informa- 
tion on an Air Force flight test pro- 
gram which was established to deter- 
mine the thermal stability or coking 
tendency of various jet fuels. To date, 
100-hr flight tests have been completed 
on three fuels having different thermal 
stability as measured by the CFR Fuel 
Coker. Flight test results show that 
thermal stability is meaningful in 
terms of fuel performance in the air- 
craft engine. 


Exchange Program to Continue 


The CRC Aviation Fuel Thermal 
Stability Group is, at present, continu- 
ing its study of thermal stability. 


To Order CRC 333... 
on which this article is based, see p. 6. 


fied hydrocarbons with overlapping 
infrared absorption bands. 

If the detector of the analyzer is 
charged with a single hydrocarbon, 
such as hexane or heptane, the re- 
sponse to paraffins above ethane will 
be approximately proportional to the 
number of carbon atoms in the mole- 
cule. The response to olefins will be 
about 30% lower than to the corre- 
sponding paraffins, and the response 
to aromatics will be practically negli- 
gible. 

The Model 28 detector contains 
equal parts of acetylene, benezene, and 
ethylene, thus permitting a more com- 
plete analysis of exhaust gas than is 
possible with Model 15A. In particular, 
it exhibits a much higher response 
toward olefins and aromatics. 

For CRC use, a special exhaust gas 
calibration curve in terms of mole per- 
cent carbon atoms was developed. 
(Further work is contemplated to de- 
fine more accurately the curve’s relia- 
bility.) 

Because of the difficulty in con- 
structing a non-dispersive infrared 
analyzer which is completely selective, 
each individual analyzer should be 
checked to determine the effect of 
interfering substances. Interference 
usually can be eliminated by use of 
filter cells. The most serious inter- 
ference is caused by water vapor in the 
Model 28 hydrocarbon channel. 

These analyzers have been used to 
study the effect of engine variables on 
exhaust gas composition. Although 
the Model 15 analyzers using the hex- 
ane sensitized detectors were appar- 
ently not sensitive to water or carbon 
dioxide, records from the acetylene- 
benzene-ethylene hydrocarbon detec- 
tors used in the Model 28 analyzer were 
affected: markedly by water and car- 
bon dioxide in the exhaust gas streams. 

In some instances, the response of 
the detector to water and carbon di- 
oxide was as large as the response to 
hydrocarbons themselves. This large 
response is not inherent in the instru- 
ment, but was due to the fact that 
proper attention was not paid to refill- 
ing the carbon dioxide filter cells every 
day and the use of older type detector 
cells which did not contain a drying 
agent. Except for this difficulty, and 
the malfunctioning of some of the 
sample pumps, the analyzers per- 
formed well enough to permit the pro- 
curement of a mass of data which 
would be highly impractical, if not im- 
possible, to obtain by grab sampling 
techniques. 


CRC Plans for Future Work 


Further CRC study of the applica- 
tion of the Liston-Becker instruments 
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to exhaust gas analysis problems will 
be made to improve the accuracy of the 
results obtained. Instrument opera- 
tional variables will be closely scruti- 
nized and brought more completely 
under control. These will include a 
detailed study of the sampling pro- 
cedure, the detecting system, and the 
electrical and recording system. A re- 
finement of the analytical techniques 
should result from these studies. 

Development of a continuous ana- 
lytical technique for oxides of nitrogen 
in exhaust gas will receive attention. 
Liston-Becker now has a detector cell 
adaptable to the Model 15 analyzer 
which responds to nitric oxide. It is 
planned to gain sufficient experience 
with its use so that application to ex- 
haust gas can be made. Attempts will 
be made also to use the Mecco-Matic 3 
Ultraviolet Analyzer for the analysis of 
nitrogen dioxide in exhaust gas. 

Work is continuing on the develop- 
ment of analytical techniques for indi- 
vidual hydrocarbons present in exhaust 
gas. Much of this part of the program 
is being carried out by the Bureau of 
Mines Experiment Station at Bartles- 
ville, Oklahoma, under a contract with 
the Coordinating Research Council, 
Inc. 

Attempts will be made to develop 
satisfactory techniques for the deter- 
mination and resolution of oxygenated 
organic compounds in exhaust gas. 


To Order CRC 322... 
on which this article is based, see p. 6. 


Demountable Van Body 
Speeds Cargo Movements 


Based on talks by . 


Kieth W. Tantlinger, 


Fruehauf Trailer Co. 


Marvin Shandles, 


Strick Division, Fruehauf Trailer Co 


and 
Nelson Rogers, 
Pan-Atlantic Steamship Co 


(As reported by F. W. Petring, SAE Washington 
Section Field Editor) 


HE demountable van body is the basis 

of the Strick Flexi-Van method used 
by the New York Central Railroad and 
others to interchange 35-ft trailer 
bodies from highway chassis to rail 
cars and back to highway chassis in 
door-to-door service. Lock pins, which 
hold the van body to the trailer under- 
carriage are withdrawn, the rear 
bumper folds up to become a cross-door 
lock, and air brake hoses are removed. 
The tractor’s electrical system powers 
a hydraulic lift to raise the van body 
and slide it onto a turn-table on the 
rail car. The driver swings the turn- 
table into longitudinal position and 
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Autos Cannot Solve Mass Transit Problem 


Based on talks by 


RALPH MERRITT, (Los Angeles Metropolitan Transit Authority) 


JOHN ROBERTS, (City of Los Angeles), and 
HENRY A. BABCOCK, (Consulting Engineer) 


(As reported by Paul L. Garver, SAE Southern California Section Field Editor) 


UTOMOBILES on freeways do not 

solve the metropolitan city problem 
of transportating masses of people be- 
tween homes and jobs. Congestion in 
rush hours, and parking limitations 
wherever large numbers of people con- 
gregate, limit the usefulness of the 
private automobile for urban transit. 

A new type of metropolitan mass 
transit system must be invented, de- 
veloped, and put into use. Reversion to 
old types of transit facilities won’t do. 
The new type must be so good that it 
will seem preferable to the use of a car 
and attract at least two-thirds of the 
total load. 

The first step in the creation of such 
a supermodern system is to set objec- 
tives and specifications. The merit of 
any system should be judged by the 
degree to which it meets the desirable 
standards of: 


1. Coverage. 
2. Trip diversification. 
3. Speed. 


Capacity. 
Comfort. 
. Convenience. 
Safety. 
Expansibility. 
. Stabilization and enhancement of 
real estate values. 

10. Economic feasibility. 


Whatever the system, it should help 
to create the kind of community 
wanted and it should integrate the 
community rather than disintegrate it, 
as at present. 

In Los Angeles, a Rapid Transit Ac- 
tion Group, representing business, 

tion, and the government, 
has proposed the construction of free- 
ways with provision for rapid transit in 
the divider strip between roadways. 
Estimated cost for such a provision is 
15-20% of the cost of the freeway 
alone. This proposal relates to future 
freeway construction, since existing 
freeways have been constructed with 
insufficient divider space. 
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lowers the van body until its kingpin 
engages a slot in the flat car. As a 
final operation, the rear of the van 
body is secured by safety hooks. The 
entire procedure takes four minutes. 

There are no ramps, platforms, 
cranes, or depressed tracks involved. 
Side loading, utilized by the system, 
eliminates the necessity of car switch- 
ing. Any van body can be picked out 
of a train without switching to obtain 
the open end of a car. 


Application to Ships 

A container program is operated 
along the east coast by the Pan-At- 
lantic Steamship Co. because of the 
disappearance of profit in the com- 
pany’s coastwise operation. The ship 
line had been handling mostly low- 
rated commodities, but by container- 
izing was “able to entice shippers to 
use coastwise vessel service competitive 
with trucks and railroads.” 

A ship can be loaded and discharged 
in 13 hr compared to the usual 84 hr 
for a ship of similar size loaded and 
discharged in the conventional manner. 
The manpower requirement is only a 
fraction of that for traditional opera- 
tions, and the unloading and loading 
cost for a specific ship is less than 10% 
of the cost of loading and discharging 
a comparable ship by conventional 
means. 

The special trailers are loaded at 


shippers’ plants throughout the country 
and hauled over the road by com- 
mercial truck lines to the parking lot 
of a Pan-Atlantic terminal. From 
there, the trailers are shifted to ship- 
side, where dockers release the clamps 
holding the trailer body to the chassis. 
Then, one of the ship’s gantry cranes 
grasps the body, hoists it aboard, lowers 
it into the hold, picks up an inbound 
trailer body, lifts it out of the hold, 
and lowers it to the waiting chassis. 
The pier workers fasten the clamps, 
and the trailer is moved back to the 
parking lot. There a commercial truck 
operator will pick it up for delivery to 
its destination. 

Advantages claimed for the system 
include the following: Merchandise ar- 
rives clean and intact. Cargo loss 
claims are reduced to a minimum. 
Cargo handling cost at shipside, one 
of the main cost items, is substantially 
reduced. Ship turn-around time in 
port —a major factor in freight rates 
— is trimmed to a fraction of that re- 
quired under a conventional loading 
system. 

Other operations utilizing varying 
forms of the container principle, such 
as lift-on lift-off vans, roll-on roll-off 
trucks, or box-like devices are devel- 
oping in various segments of the truck- 
ing, rail, and maritime industries. Too 
much diversity may, however, result in 
sacrifices in flexibility of interchange. 
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3 Road Rating Techniques Table 1 — Accuracy of Octane Ratings For 1952, 1953, and 1954 Programs ot 


Road Test Group (Standard Deviations in Octane Numbers, +) 


Deemed Accurate by CRC 


HREE programs conducted by the 

Road Rating Exchange Panel of the 
Coordinating Research Council’s CFR- 
MFD Road Test Group have estab- 
lished the accuracies of the Modified 
Uniontown and Modified Borderline 
road octane rating techniques. These 
measures are expressed for repeata- 
bility, stability, and reproducibility (as 
standard deviations in octane number 
units) in CRC 329, “Accuracy of Road 
Rating Techniques Established by 1952, 
1953, and 1954 Rating Programs.” 

The similarity of test results as 
shown in Table 1 indicates that the 
precision of these test techniques has 
been well defined. 


1952 Program 


In the 1952 program, one car make 
was used by 22 participating labora- 
tories to rate two fuels in duplicate 
each month for five months. A total 
of 440 ratings by each technique was 
obtained, 220 for each fuel. The indi- 
vidual fuel samples were coded and 
shipped to the participants each rating 
period in an effort to avoid biased test 
results. Then, the coded samples were 
submitted for rating by each labora- 
tory. 110 such ratings were obtained 
for each fuel. 


1953- Program 


Activity was expanded to incorporate 
a variety of car makes and fuels. Four 
car makes were used by 18 participat- 
ing laboratories to rate four fuels in 


Modified 
aia Modified Borderline Research 
Repeatability Uniontown 10” wa 2000 we Laboratory 
in 1953 and 1954 
1952 — one car make, 
two fuels 0.63 0.84 0.26 
1953 — four car makes, 
four fuels 0.49 0.43 0.14 
1954 — four car makes, 
six high-octane fuels 0.62 0.47 0.23 
Stability 
1952 1.37 1.39 0.37 
1953 0.96 1.04 0.47 
1954 1.06 0.84 0.38 
Reproducibility 
1952 1.38 1.34 0.29 
1953 1.56 1.76 0.29 
1954 1.41 1.05 0.43 


duplicate every other month for six 
months. 432 ratings were obtained by 
each of the three techniques, making 
a total of 864 ratings for the program. 


1954 Program 


The objectives of the 1954 program 
which apply to the investigation of test 
technique accuracy were: 


(1) To study the ratings of fuels in 
the higher octane range near and over 
100 in cars having anti-knock require- 
ments in that range. 

(2) To establish the precision of the 
Modified Uniontown and Modified 
Borderline Techniques in rating fuels 
near the 100 octane number level. 

(3) To establish whether various en- 
gine types appreciate or depreciate fuel 
anti-knock quality in comparison to 


the Research and Motor method rat- 
ings. 


Seventeen participating laboratories 
used 18 cars of 4 makes in rating six 
fuels during a period of four months. 

The six fuels were divided into three 
pairs with the two fuels in each pair 
having approximately the same Re- 
search octane number. One fuel in 
each pair was highly sensitive and the 
other highly insensitive. The nominal 
Research octane numbers of the three 
pairs of fuels were 94, 96, and 100. 

The actual number of ratings ob- 
tained was 526 Modified Uniontown 
and 510 Modified Borderline for a com- 
bined total of 1,036 ratings. 


To Order CRC Report 329... 
on which this article is based, see p. 6. 





When to Change Oil Still a Battle Royal 


(Based on papers presented at SAE Met 
Section) 


HE time to change the oil in a pas- 

senger car is still an open question 
and the range of opinion is getting 
wider. The oil refiners insist on a 
1000-mile change period while fleet 
operators are recommending up to 6000 
miles. The majority of 1959 cars carry 
recommendations for 5000 miles or 
more. So what is John Q. Public to 
believe? 

All factions appear to agree that, 
whatever the period recommended, it 
should be modified on the down side 
for abnormal driving conditions such 
as severe climatic conditions, dust, 
sustained high speed, and short-haul 
winter driving. 

Oils do become contaminated, say 
the refiners, and contaminants are 
wear producers. Wear is dispropor- 


tionately greater for 2000 miles between 
changes than for 1000, avcording to 
laboratory tests. Moreover, in the 
light of the large initial investment in 
a vehicle, the added protection given 
by frequent oil change is an insignifi- 
cant increment. The across-the-board 
answer to this question is, change every 
1000 miles. 


What Fleet Owners Say 


Except for prescribing an _ initial 
dump at 1000 miles to eliminate break- 
in oil, refiners’ recommendations are 
unrealistic in the opinion of fleet own- 
ers. Fleet owners owning their own 
garages or service centers can handle 
their own 1000-mile inspection and oil 
change and forget both dealer and 
service station. 

If a car is equipped with an oil filter 
that is changed with the oil, and driv- 


ing conditions are normal, the oil need 
not be changed more frequently than 
once every 6000 miles. One valid 
reason for more frequent changes is 
to offset neglect and insure that dip- 
sticks are looked at at least once a 
month. Certainly the individual owner 
should check the cleanliness of his oil 
every 2000 miles of the 6000-mile 
change period if he encounters ab- 
normal driving for a prolonged time. 
Oil contamination can be checked by 
taking a drop of two of the oil from a 
warmed-up engine and depositing it on 
a white blotter or tissue. If a notice- 
able residue is left after the oil is ab- 
sorbed, it is time to change the filter, 
but not necessarily the oil. If driving 
conditions are bad, the oil should be 
changed every 2500 miles and the filter 
unit replaced every 5000 miles or less 
as required by the cleanliness test. 
Truck fleet owners are confronted 
with a more difficult problem. Being 
cost conscious, they have labor costs 
Continued on page 108 
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UMMER MEETING REPORT 


American and European Engineers 


Swap Ground Vehicle Ideas 


MERICAN and European automotive 

engineers shared thoughts on the de- 
sign and mutual problems of ground 
vehicles, with special emphasis on the 
compact car, at SAE’s 1959 Summer 
Meeting in Atlantic City. The society 
invited British, French, Belgian, and 
other European engineers to present 
technical papers on subjects of mutual 
interest and to participate in the dis- 
cussions at the panel sessions. 

Subjects considered from European 
points of view included research and 
development, economic effects of the 
Common Market upon the automobile 
situation in Western Europe, and ap- 
plications of automation to European 
factories. Among those presenting pa- 
pers were Andre Laurent, editor of 
Belgique Automobile; P. E. Bezier, 
Regie Nationale des Usines, Renault; 
J. R. Thiery, Institut Francais du 
Petrole; and Charles Goodacre and 
Basil Watkins, The Associated Ethyl 
Co., Ltd. 

An entire session was devoted to the 
consideration of compact cars, with 
the users’ points of view presented by 
Laurence Crooks, of Consumers Union 
of U.S., Inc. Progress in designing for 
safety was reported by 16 automotive 
engineers ct a symposium covering de- 
sign factors, materials selection, test- 
ing, quality control, reduction of driver 
fatigue, and structural parts durability. 

Other subjects discussed in the 44 
technical papers and 4 panel sessions 
presented at the Meeting included: 
military needs for automotive trans- 
portation, passenger car seating, per- 
formance evaluation techniques for 
fuels and oils, measuring engine wear 
with radiotracers, cooling problems, 
engine noises, new nonmetallic materi- 
als for automotive use, adhesives, and 
elimination of the spare tire. 


After-hours activities were enjoyed 
as usual. This year they included golf, 
tennis, bathing, and other sports for 
individuals so inclined. A_ surprise 
event was given the ladies on Tuesday 
morning, and a Midweek Mixer dance 
was held Wednesday evening. 


Capsules of Technical Papers 


Two-Cycle Oils Need Careful Com- 
pounding — Tests show that additive 
oils tailored to two-cycle engine needs 
perform better than non-additive oils. 
But, careful compounding is necessary, 
because the two-cycle oil must be con- 
sidered for fuel as well as lubricant 
properties. Moreover, all compounds 
must be compatible with each other 
and tel under combustion conditions. 
For example, while some additives 
tested made profound improvements in 
a specific performance characteristic 
—such as piston cleanliness — they 
depreciated other major performance 
characteristics —as spark-plug foul- 
ing—so that there was little overall 
gain. (Paper 65T) 


How Lubricants Affect Two-Cycle 
Performance — Tests to determine lu- 
bricant effects on each performance 
feature show: 


(1) Piston cleanliness. Predominant 
factor is the detergent — a number of 
metallic detergents work well, while 
non-metallics showed no advantage. 

(2) Exhaust system deposits. Both 
detergent and base stock composition 
have large effects. 

(3) Wear. Base oil volatility has 
major effect in the absence of proper 
anti-wear agents. Bright stock and 
heavy distillates prevented wear best. 

(4) Spark-plug fouling. Detergents 
can greatly enhance or detract from 


plug life. No significant base stock 
effects were observed. 

(5) No significant differences were 
shown between naphthenic and paraf- 
finic base lubricants. (Paper 65U) 


Two-Cycle Engines Prefer Ashless 
Detergents — Ashless detergent addi- 
tives can solve two-cycle engine oil 
problems. Tests showed that ashless 
detergent oils provide excellent de- 
position control over a wide range of 
speeds, loads, and temperatures. This 
results in reduced ring sticking, spark 
plug fouling, performance loss due to 
port plugging, and piston scoring. 
(Paper 65V) 


SAE 30 Oils Good for European Two- 
Stroke Engines — High viscosity oils, 
such as SAE 50, give better protection 
against piston seizure, and slightly 
better protection against bearing cor- 
rosion and wear. But they are likely 
to have worse port blocking character- 
istics than lower viscosity oils. Low 
viscosity oils, such as SAE 10W, give 
minimum protection against piston 
seizure, and for safety, require to be 
used in fuel-to-oil ratios not greater 
than 15:1. However, they have the 
lowest port blocking tendencies. SAE 
30 oils provide a compromise between 
the characteristics of SAE 10W and 
SAE 50. (Paper 66T) 


Institute of Petroleum Standardizes 
Lubrication Engine Test Methods — 
In original correlation programs to de- 
termine the repeatability, reproduci- 
bility, and the sensitivity of the Gard- 
ner 1.L2 and Petter A.V.1/AT.4 test 
procedures — these tests were com- 
pared with single Caterpillar L.1 tests 
on each of four reference oils used. 
Results showed that both test pro- 
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AN INTERNATIONAL FLAVOR was 
established Sunday night by the pres- 
ence of Mr. and Mrs. Charles Goodacre 
(seated center and left) and other 
foreign guests honored at a dinner party 
given by SAE President (standing) and 
Mrs. Leonard Raymond (right). Mr. 
Goodacre, who is with Associated Ethyl 
Co. in London, is one of five “imported” 
engineers who presented papers at the 
meeting 





















THE EUROPEAN VIEWPOINT 
was glimpsed by hundreds of Amer- 
ican engineers throughout the 
week. 


BRITISH AND FRENCH ENGINEERS partici- 
pated in several technical sessions. At the one 
on European Research and Development are Ses- 
sion Chairman Geoffrey Sheppard, British Pet- 
roleum Co., Ltd.; J. B. L. Larbre, Institut Fran- 
cais de Petrole; Norman Kendail, Shell Research 
Ltd.: and Alfred Towle, Lubrizol International 
Laboratories. 


INSTANCES OF AUTO- 
MATION in the Dau- 
phine manufacturing 
lines were presented in 
a paper by P. E. Bezier, 
Regie Nationale des 
Usines, Renault. 








IN ADDITION, FROM JAPAN were 
Dr. T. Dan, (left), Kazuhiko Furuya 
(center), and H. Matsunaga, all of 
the Maruzen Oil Co., Ltd. 
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cedures broadly grouped the oils in the 
same way as the Caterpillar L.1 test. 
But because of the very limited Cater- 
pillar data obtained it wasn’t possible 
to compare repeatability and reproduc- 
ibility, or degree of discrimination. So 
a further correlation is being carried 
out. It appears that the repeatability 
and reproducibility of the Petter 
A.V.1./AT.4 are of the same order as 


FUTUCUTECE TEU TECCUEEOEUD EU UECE CUED ET TEU E CUTE ENN 


VUUEETUEEAU DCEO TEOUDDRAAEERERUEREEO CREDA TEETH RENT EEEAUEERTELEUEEEA TARO REAAOEEONEDOEOOEEEOUUEEUULONAOUDERTOAEUUEUAEUONEEAIOREOUOOREAOORAODEEROEONODADOEREOODDONOO ENED ORONO EROODODENOOEECOULOOROOONE 


HE three Boards through which 

the Society’s most important 
services will be rendered come 
next January were readied for 
their new duties during the SAE 
Summer Meeting in Atlantic City, 
June 14-19. 

Organization meetings were 
held of the new ENGINEERING 
ACTIVITY BOARD and the new 
SECTIONS BOARD ... while the 
TECHNICAL BOARD got SAE 
Council approval for a structural 
reorganization designed to im- 
prove its operation. 

The two new Boards come into 
legal being next January, when 
the SAE Council becomes the SAE 
Board of Directors ... and the 
Constitution changes recently ap- 
proved by SAE members become 
effective. In the meantime, the 
new Boards have been authorized 
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for the Caterpillar L.1 test. Insuf- 
ficient Gardner 1.L2 test results are 
available. (Paper 66U) 


Radiotracers Measure Wear — L’In- 
stitut Francaise du Petrole reports an 
improved radiotracer method for en- 
gine wear studies. Using this method 
with a Petter diesel AV 1 engine, ring 
and liner wear were measured for 
start-up and steady running — with 
the following results. 

e Frictional start-up wear is in- 
creased with (a) shut-down period du- 


Organized at A. C.: 


‘Sections Board 


PROGRESS... 


... now under way. Planning’ended. Reorganization starts 


by SAE Council to operate until 
the end of 1959 as committees of 
the Society —in order that they 
might organize in readiness for 
official action next January. 

Under the revised Society struc- 
ture resulting from three years of 
“Planning for Progress,” the SAE 
TECHNICAL BOARD will continue 
to guide and direct services to in- 
dustry through its technical com- 
mittees. The story of its Council- 
approved reorganization — which 
takes effect immediately — ap- 
pears on p. 106 of this issue. 

THE NEW ENGINEERING AC- 
TIVITY BOARD—whose major 
concern is serving SAE members 
with quality technical information 
— named Board-member Sponsors 
for each of its Engineering Ac- 
tivity Committees at its Atlantic 
City organization meeting. Each 





ration, (b) decreased oil viscosity, and 
(ec) increased cylinder wall tempera- 
ture. 

e Frictional steady-running wear is 
increased with (a) high cylinder wall 
temperatures, and (b) too low or too 
high viscosity. 

e Corrosive start-up and steady- 
running wear are both increased (a) 
as fuel sulphur content increases, and 
(b) with low cylinder wall tempera- 
tures. (Paper 66V) 


Is High Compression Worth It? — 


‘Engineering Advisory Board 


sponsor has been made responsi- 
ble — starting now —for the fol- 
lowing actions in respect to each 
Activity Committee for whick he 
is sponsor: 

@ Establish the membership of 
the Activity Committee — which 
will start to function next Janu- 
ary. 

@ Help each Activity Committee 
to develop a specific scope and set 
of written objectives for its future 
work. . 

@ Act as chairman pro tem of 
the first meeting of the Activity 
Committee . . . while the Com- 
mittee elects its own chairman. 

@ Establish liaison between the 
Activity Committee and the Engi- 
neering Activity Board. 


The EAB also set up some work- 
ing committees, through whom it 
will be prepared for official action 
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Yes, according to tests by The Asso- 
ciated Ethyl Co., Ltd. They found 
that increased compression ratios pro- 
duce increases in thermal efficiency 
and power of automobile engines. The 
compression ratio of a Talbot engine 
was increased to 11:1 from 7:1 in road 
and laboratory experiments — with 
gains in power ranging to 34% and in 
fuel economy to 16%. There were also 
26-33% gains in acceleration time. 
(Paper 66W) 


Simpler Military Vehicles Needed — 


at the beginning of next year. 
These so-far-appointed commit- 
tees include one to study and pre- 
pare for early approval a set of 
rules and regulations by which 
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Military vehicles for tomorrows battle- 
fields must be simple to maintain, 
simple to transport strategically, and 
simple to manufacture. Only such 
simplicity will minimize the chances for 
human error; simplify human decision 
requirements; save valuable man- 
training time. 

Aiming for simplicitv in design tends 
to influence cost favorably, too. And 
the Army can’t ignore cost — either in 
the vehicles it procures, nor in the 
research and development field. It 
has to be selective in stating its re- 


the Board may govern its activi- 
ties . . . and also a Publications 
Advisory Committee, a Display 
Committee, and a National Meet- 
ings Planning Committee. 

THE NEW SECTIONS BOARD, 
at its organization meeting, dis- 
cussed a preliminary draft of rules 
and regulations for Sections Board 
operation ... and then appointed 
a committee to review the draft 
and bring recommendations for 
adoption at a later meeting. Also 
appointed was a temporary com- 
mittee to recommend what per- 
manent committees might be 
needed to carry on the work of 
the Sections Board. Actually ap- 
pointed at the meeting were a 
Sections Committee, a Student 
Committee, and a Sections Fi- 
nance Committee. 

Proposed, too, was a regional 
conference of officers and commit- 
tee chairmen of west coast Sec- 
tions, to be held during the SAE 


quirements, so that it isn’t priced out 
of existence. Yet it musn’t ignore 
equipment developments which would 
provide superiority over our enemies. 
(Paper 67T) 


High-Energy Particle Accelerators 
—The development of particle ac- 
celerators has now reached the stage 
where extensive development of theo- 
retical and experimental techniques is 
required. For example, the MURA Lab- 
oratory utilizes an IBM 704 computer 
full time on accelerator problems. The 


International West Coast Meeting 
in Vancouver, Aug. 10-13. 

Both the Engineering Activity 
Board and the Sections Board took 
steps at these organization ses- 
sions to meet requirements of the 
new Constitution by naming a 
delegate at large and two alter- 
nates to the 1960 Annual Nomi- 
nating Committee. (The Techni- 
cal Board previously had taken 
similar action.) 


Phasing . . . Out and In 

While the Boards are readying 
themselves to carry on the So- 
ciety’s activities when they be- 
come official next January, exist- 
ing Society committees . . . whose 
areas will be encompassed by the 
new Boards... are continuing to 
operate fully in their various areas 
throughout 1959 . . . phasing out 
their work with the necessary 
planning of certain 1960 activities 
for operation by the new Boards. 
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A GREATLY EXPANDED SAE SCIENCE-ENGINEERING COMMITTEE had a most successful meeting at Atlantic City 
Shown here is Dr. L. R. Hafstad (second from left) chairman of the committee, with some of the new members: Col. 
David W. Hiester, chief, Field Service Division, Ordnance Corp. (second from right) and Prof. Andrew W. Lawson, Insti- 
tute for the Study of Metals, University of Chicago (extreme right), with guests: SAE President Leonard Raymond (third 
from left) and Maj.-Gen. H. W. Johnson (extreme left) , Deputy Chief of Staff for Combat Developments, U. S. Continen- 
tal Army Command. Later in the day Johnson gave a paper on, ‘Mobility for the Ground Soldier.” 


SAE Summer Meeting 
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spiral selector electron model was de- 
signed entirely with the aid of a digital 
computer. As a result, the dynamical 
properties of the electron orbits in this 
accelerator were well understood even 
before the accelerator was constructed 
and the theoretical predictions have 
been amply confirmed by experiments 
with the accelerator. Experimental 
techniges in many areas, including 
high vacuum techniques, magnet de- 
sign, radio frequency circuitry, and 
methods of particle detection are re- 
quired to build and utilize modern 
high-energy accelerators. (Paper 68T) 


Multi-Engine Facility Tests Fuels 
and Oils — Shell Oil has a 12-engine 
facility to compare fuel and lubricant 
performance under controlled and re- 
alistic conditions. It will fill the gap 
between accelerated engine and road 
convoy tests—and can provide the 
equivalent of 20,000 miles of road op- 
eration in four months. (Paper 69T) 


Eight-Lane Dynamometer Highway 
— Esso Research and Engineering Co. 
developed a series of test-car mileage 
accumulation and road rating dyna- 
mometers on which test-car mileage ac- 
cumulation can be accomplished under 
remote and automatic control. It can 
be used for road octane rating of fuels 
and test-car engines. At an average 
speed of 25 mph, 8 cars can be driven: 
4800 miles/24 hr, 3600 miles/24 hr with 
normal 0.7 use factor, and 1,200,000 
miles/yr with 0.7 use factor. (Paper 
69U) 


Hi Fi Dynamometer Testing — Per- 
fect Circle Corp. has developed a pro- 


grammed dynamometer test to de- 
termine oil economy and engine wear. 
The engine parameters are recorded 
as the engine is tested under actual 
road conditions. The information is 
stored on magnetic tape; and coded in 
the form of a frequency modulated a-c 
signal. The simulator equipment was 
used to determine oil economies of ring 
combinations under proving ground 
conditions. Correlation between the 
customer’s proving ground results and 
the simulated tests are excellent. 
(Paper 69V) 


New Allis-Chalmers Diesels — Allis- 
Chalmers has designed naturally as- 
pirated and turbocharged versions of 
a direct injection diesel engine — the 
“16000” and “21000.” These engines 
were intended to power certain crawler 
and wheel-type vehicles built by that 
company. They are suitable not only 
for commercial applications such as 
generator sets, shovels, compressors, 
but also for oil field and marine serv- 
ice. (Paper 70T) 


Smaller U. S. Cars to Meet European 
Challenge — The new, smaller U. S. 
cars will come from behind in handling 
and steering to match the abilities of 
present imported small cars. 

Steering and handling combine in 
the small car to produce a maneuver- 
ability, an absence of cumbersomeness, 
that are brought to a high pitch by 
many European designers. 

As to steering, the small cars are 
privileged. They have low weight to 
deal with, plus light engines which re- 
duce inertia effects around a vertical 
axis. Sometimes the engine is in the 
rear—which allows steering to be 
lighter and quicker still. The light 
weight permits, on many cars, use of 
that barbarous but simple and very ef- 
fective device, rack and pinion steering. 
And, of course, steering ratios are way 


down, making steering not only 
quicker, but more sensitive. 

Several factors contribute to the 
small cars superiority as regards han- 
dling — the way the car as a whole re- 
sponds in carrying out the drivers in- 
tentions. The absence of bulk, a more 
equalized weight distribution, use of 
somewhat stiffer suspensions, of less 
overburdened brakes, of smaller-sec- 
tioned tire ... all these add up to 
make the car agile, responsive, and 
quick. 

These behavior areas will have to be 
brought to the same pitch by the U. S. 
compact car, now that many U. S. 
drivers know what to expect .. . even 
if it means using some of the fancier 
imported-car features that often en- 
hance the steering and handling of the 
more elaborate imports. (Paper 71T) 


Diesel-Engine Wear with Detergent 
Oil — Detergent oils used in a rela- 
tively clean engine will effectively 
minimize piston-ring wear. Tests of 
longer duration will be necessary to 
answer questions concerning wear in 
relation to filter life and oil detergency 
level over prolonged periods of time. 
It appears that filters are necessary tc 
protect diesel engines from _ gross 
quantities of wear debris produced as 
a result of dirty engine operating en- 
vironment and to ensure that increased 
engine life will be realized with the 
use of oils containing detergent addi- 
tives. (Paper 72T) 


Radioactive-Ring Wear Tests — Re- 
sults of radioactive-ring wear tests in 
a medium-speed diesel showed that: 
With cast-iron rings and distillate fuel, 
changes in engine speed and load, and 
jacket water temperature over 140- 
200 F range did not affect wear rate. 
With cast-iron rings and residual fuel, 
wear did increase with decreases in 
engine speed and load, with jacket 
water temperatures below 160 F, and 
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below a certain minimum fuel tem- 
perature (which depended on fuel 
viscosity). When chrome-plated rings 
were used with the residual fuel, de- 
creasing engine load did not increase 
wear. (Paper 72U) 


Glazing Materials — The Automotive 
industry —the largest user of safety 
glazing materials in the country — has 
over the years been concerned with 
equipping its vehicles only with mate- 
rials that will insure the maximum of 
safety for the motoring public. 

In view of the greatly increased glass 
area, and the generous use of curved 
glass in modern automobiles, it was be- 
lieved that the glazing standards of the 
industry should be carefully reviewed. 

SAE through its Automotive Glazing 
Materials and Standards Subcommittee 
has assumed the task of reviewing the 
entire glazing situation as it applies to 
current model passenger and commer- 
cial vehicles. One of the important 
initial projects of this group is to deter- 
mine whether present automotive in- 
dustry glazing standards are fully ade- 
quate, and, if necessary, recommend 
appropriate changes. 

Specialized study groups have been 
set up to investigate the following: 
areas requisite for driver visability; 
light transmission through glass; 
strength requirements for automotive 
glass; optical characteristics of wrap- 
around windshields; and rear vision. 


Metallurgist Has Process Responsi- 
bility — There are certain steel struc- 
tures which are compatible with some 
types of machining and not with 
others. Take two extreme situations 
as an example. A completely spherod- 
ized structure is generally most easily 
machined on an automatic screw ma- 
chine, and it is best for most turning 
operations. However, if we tried to 
apply a gear generating operation 
using spherodized steel we would find 
the finish and tool life would be poor. 
For this type of machining a normal- 
ized steel would be much better. It is 
the metallurgist’s responsibility to as- 
sure application of the proper pro- 
cessing to insure good machinability. 
Certain types of steels are more easily 
machined than others and these should 
always be chosen when consistent with 
strength requirements. (Paper 73T) 


Common Market Represents Big 
Business for U. S. Firms — Europe’s 
new Common Market promises po- 
tentially big business for both Ameri- 
can and European manufacturers of 
motor vehicles. American firms, how- 
ever, must broaden their business by 
capital investment, supplying ma- 
chinery, and organizing subsidiaries 
to produce vehicles of the types Euro- 
peans prefer. 

The Common Market is still far 
from being saturated. It comprises, 
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increasing numbers to new buyers of 
an ever-decreasing financial status. 
The future prospects for the limited 
number of manufacturers who will 
survive are very good with the cer- 
tainty of an increasing demand for 
long years to come. It is believed that 
the production of motor cars in 
Europe will double in the next 10 years. 

The small car represents initial au- 
tomobile ownership. The European 


market for the large car is becoming 
more and more limited. In fact, people 
buy up from the small cars and down 
from the big cars to join each other 
at the medium car level which is the 
more desirable size. 

European subsidiaries of the “Big 
Three” already produce 20% of the 
passenger cars and 14% of the trucks 
built within the framework of the 
Common Market. Concentrating on 


F. C. SUTRO, JR., (left) 
president of the Society 
of Plastics Engineers, was 
among the distinguished 
guests at the session on 
new nonmetallic mate- 
rials. Accompanying him 
was Thomas A. Bissell, 
SPE’s executive secretary, 
who formerly was man- 
ager of SAE’s Meetings 
Division 


HORNING MEMORIAL AWARD went to two Genera! Motors research engi- 
neers, Darl F. Caris (second from right) and Edwin E. Nelson (left), for the ex- 
besides the replacement of existing Cel!lence of their technical paper, “A New Look at High Compression Engines.” 
vehicles, the furnishing of passenger (Mrs. Elsie M. Horning presented the medals at Wednesday's Engine Noise Session 
cars and industrial vehicles in ever- SAE Award Board Chairman J. G. Moxey, Jr. is shown at the right 
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fewer and more acceptable makes and 
models would lead to price economies 
which could further increase demand. 
(Paper 74T) 


Automation Aids Production and 
Jobs — Renault has been extending the 
use of automated operations for 12 
years and has acquired experience in 
building 1,800,000 vehicles with these, 
among other, results: 

In 1958 Renault employed 58,000 
workers and produced 431,000 vehicles 
as compared with 34,000 workers and 
a 55,000-unit production in 1938. 

In the cylinder block workshop two 
shifts of 54 men produce 2000 blocks 
per day compared with an output of 
250 blocks by 350 men 20 years ago. 

Specialists have seen their activity 
field expand; while the total number 
of employed persons grew 60%, drafts- 
men and designers grew 100%, and 
electricians 300%. 

Many jobs have been created; more 
interesting and better paid. The re- 
sulting improvement can be seen in 
the increase of car owners — about 
25% of the personnel. This figure is 
much higher than the average of other 
French firms. Renault faces with 
confidence the development of auto- 
mation and its consequences in the 
technical and human sphere. (Paper 
15T) 


The Safety the Motorist Gets — The 
popular misconception that consider- 
ation for safety in the vehicle is a new 
approach, and that it is centered 
about such things as crash padding, 
dish-type steering wheels, and seat 
belts has been fostered by publicity 
from many well-intentioned sources. 
The fact is that safety is and always 
has been the deciding factor in the 
selection of many of the materials, 
manufacturing methods, and design 
configurations in the automobile. 

But it must be recognized that the 
safety the motorist gets, or -doesn’t 
get, is not confined entirely to the 
vehicle. Safety on the highway is 
dependent on many other factors. 
Adequate highways, traffic control, and 
law enforcement are among the ele- 
ments necessary for an overall safety 
program. The motorist must be a 
properly trained driver to take ad- 
vantage of the safety he gets in the 
car. The motorist must be physically 
and mentally able to operate the car 
— and prove it in most states by being 
able to pass a license examination. 
Lack of proper maintenance by the 
car owner can nullify the best efforts 
of the engineers to provide safety. All 
of these points and many others make 
up the complete picture of the safety 
the motorist gets and what he does 
with it. (SP-165) 





Failures in Transmission Gearing — 
Pailures of hardened steel gears are 
usually one of three types: scoring; 
bending fatigue; compressive loading 
or surface fatigue. 

Scoring, or galling, is a type of 
failure due to the surface of mating 
gear teeth welding together in minute 
local areas. This condition is caused 
by lubrication breaking down due to 
high surface pressure, high sliding 
velocities, and high temperatures. 

Bending fatigue failures are caused 
by the gear tooth being stressed many 
times. Each time the tooth is stressed, 
it bends slightly, and after many repe- 


At the Early Bird Breakfast . . . 


_ 





titions of stressing and bending, the 
tooth breaks off. 

A compressive loading failure is a 
breakdown of the gear tooth contacting 
surface by pitting, or spalling, until the 
surface becomes too rough for proper 
operation of the gear. The surface 
breakdown is caused by high com- 
pressive loading of the gear tooth sur- 
face for many tooth contacts or stress 
repetition. This surface failure is a 
surface fatiguing of the metal. 

Unless gear design is very poorly 
done, scoring is not a problem in 
manual type automotive transmission 
gearing. Fatigue bending failures and 
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and the problem was acute. 
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MANAGEMENT EXPERTS (left to right) Richard C. Enion, Handy Associ- 
ates; Percy H. Neville, Leece-Neville Co.; John R. Cooke, Bendix Aviation 
Corp. ; and Edward Kimball, General Electric Co. discussed pros and cons of 
five solutions to the case study shown at the left. After the discussion, the 
audience was given an opportunity to voice their opinion as to a most appro- 
priate solution. Poll results are given with the case study 








A Case Study in the Integration of Technical Personnel 
into Manufacturing Management 


GENERAL BACKGROUND: The Superior Technology Co. has, for the last 
30 years, produced a mechanical product for the aircraft industry. The com- 
pany has always prided itself on its ability to design and produce equipment 
that represents the most advanced state of the art. However, within the last 
ten years the product has rapidly undergone a major change. Much of the 
equipment shifted to an electro-mechanical design, and later to a pure elec- 
tronic design. The company has found it increasingly difficult to produce a 
reliable product, on schedule. They have traced the basic problem to the fact 
that the manufacturing section was originally staffed with mechanically 
trained managers. As the nature of the product shifted, the managers at- 
tempted to educate themselves in the electrical and electronic fields, but — 
the shift was too rapid. Hence, the equipment was being built with a lack 
of sufficient technical competence in the line functions. The relationships 
between the design and manufacturing group had become severely strained 


Recognizing the need for greater technical competence, the Plant manage! 
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compressive loading failures are items 
that must be considered carefully. 

In recent years, the life of gears in 
fatigue bending has been increased 
tremendously, as a result of full fillet 
root radius gear design, and shot- 
peening of the fillet root in manufac- 
ture. Due to increased fatigue bend- 
ing life, many gears which previously 
have failed in fatigue bending, are now 
living longer but are failing in surface 
fatigue. (Paper 76T) 


sion. By correlating the gradeabilities 
in the various gear ratios with a high- 
way requirement probability curve, the 
per cent of time in each ratio can be 
obtained. The required hours of gear 
life for each ratio are then determined, 
and compared with the available gear 
life in the ratios. 

This procedure gives a detailed 
analysis of a transmission rating for 
one vehicle specification at a specified 
mileage between overhauls .. . But it 


does not lend itself to fast application 
of various vehicle specifications. To 
do this, a nomogram may be con- 
structed from the results of a few 


Rating Truck Transmissions — The 
gradeability formula can be used as 
the basis for rating a truck transmis- 


HCIEOONAATETEAAEATONUEEOEUELUNTNELEUOOEEROUEOOEDEOEEUEEDENOUEG AOU OUOOLOEOOU EOL EEOELAGUECNEOOUEEOEAEEEDELEEOEDEM ETE IULUEOUEOELOEUEEOEA ORDO NEEEDEDAEAEDUEDEOUNEVELEDONUOEUEOEUEOOEOEOOUOEONEUONENNUOENNCOEoNOnE NON EDEDNOS 


endorsed a program to integrate capable engineers from the design group 
into the manufacturing management. The need for this program was im- 
mediate and the selection of personnel to move was made purely on the basis 
of known technical abilities and cursory review of the individual’s manage- 
ment ability. 


Specific Background: Charlie Brown was a top flight design engineer who 
managed a small, but very important, lab group in the engineering section. 
Charlie was instrumental in the design and development of a new product 
and he acted frequently as a customer contact during the sales campaign to 
sell the new product. He was a good contact man, highly respected for his 
technical competence, and seemingly capable of getting along with others. 

When the new product went to manufacturing, Charlie was given a key job 
as project manager, responsible for the transition of the unit from design to 
production and the subsequent manufacturing of the unit. He was enthusi- 
astic about the job and had hopes of finding manufacturing much to his 
liking. He had always believed that all they needed in manufacturing was 


an understanding of the product and a sense of organization. 


Case Incident: Charlie Brown was a poor manager. Shortly after joining 
the manufacturing group he antagonized and lost a key assistant, he en- 
countered numerous labor difficulties, he didn’t seem able to get the coopera- 
tion of the serviee departments, and although he put in more and more time, 
the project only went backward. 

After six months, the plant manager replaced Charlie and sent him back 
to engineering. ; 


The Problem: The plant manager is still convinced that engineers must be 
integrated in manufacturing management, but he does not wish to make the 
same mistake again. He feels he must do something about the situation im- 
mediately for time is flying and schedules are falling behind due to technical 
problems. 

How can he face the problem? What measures can he effect? 
can he follow? 


Possible’ Solutions: A. Train design engineers in manufacturing methods 
and modern supervisory techniques (principles of leadership, human rela- 
tions, and such). 

B. Select electronic engineers with potential (personality-wise) for manu- 
facturing supervision. 

C. Initiate specific electronic training program for present manufacturing 
personnel. 

D. Recruit electronic engineers with manufacturing experience. 

E. Establish a “team” system of management — manufacturing man in 
charge of several technical (electronic) assistants. 


What plan 


Poll Results: SOLUTION RANKING 
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calculations for well-chosen specifica- 
tions. (Paper 76U) 


Coping with Tractor Cooling Prob- 
lems — Problems peculiar to construc- 
tion equipment include (1) core plug- 
ging, (2) obstruction of air flow to 
core and fan, such as front mounted 
equipment, (3) seasonal fan change, 
(4) sand blasting, and (5) make-up 
water. Ultimate answer to most prob- 
lems may be a unit radiator and fan 
package. It would contain a small 
dense core and very efficient unob- 
structed fan—the whole unit pro- 
tected by an air filtering system. 
(Paper 77T) 


Deaeration Accomplished — Aerated 
coolant in the circulating system re- 
duces pump capacity, and may com- 
pletely stop the flow. A basic system 
to remove the air has an auxiliary 
tank connected above the radiator. 
There the coolant is quiet and air 
separates out. The “deaerated” water 
is returned to the main system. Latest 
systems eliminate the external static 
line so that the deaeration system is 
completely internal in the top tank. 
(Papers 77U and 77V) 


Fans Shouldn’t Overcool—A con- 
trolled cooling-system fan will save 
horsepower when maximum cooling 
is not required. Schwitzer Corp. is 
testing a variable-speed fan .. . test 
data shows considerable saving in fan 
horsepower with reduced temperatures 
and engine outputs. (77W) 


Automobile Styling Complicates 
Cooling — Cooling problems have be- 
come more complex because higher 
horsepower and decreasing hood height 
result in engine compartment crowd- 
ing. And the amount of heat to be dis- 
sipated has become correspondingly 
greater. Changes have to be made in 
radiator location and shape with new 
models, for example, and can lead to 
increased cooling costs. Also the de- 
mand for power-driven accessories has 
compounded the problem. Chevrolet 
has solved the fan problem on their 
1959 air conditioned cars by using a 
temperature modulated fan clutch. It 
conserves engine power, saves fuel, and 
reduces fan noise at higher engine 
speeds. (Paper 77X) 


Rumble and Thud Are New Engine 
Noises— Recent high compression 
ratio engines have two new noises — 
rumble and thud. Rumble is associ- 
ated with bending vibrations of the 
crankshaft, caused by abnormally high 
rates of pressure rise near the top 
dead-center piston position. Thud is 
a torsional vibration of the crankshaft, 
caused by earlier occurrence of maxi- 
mum rates of pressure rise. 

Rumble is induced by combustion 
chamber deposits, and thud by ad- 
vancing the spark setting. Although 














si i ere @ 


A LITTLE MIDWEEK MIXING was 
managed on Wednesday evening when 
fake money and live music provided an 
opportunity for plenty of conversation 
among members and wives. President 
Raymond checks his winnings with 
Past-Presidents Creson and Eddy in 
center picture. 
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... continued 


there is a 19% power loss at full 
throttle, and spark plug life is short- 
ened by rumble, there is no mechanical 
damage. (Paper 78T) 


New Instrument to Detect Surface 
Ignition — Du Pont Petroleum Labora- 
tory has developed a new surface ig- 
nition detection instrument which re- 
quires no mechanical modification to 
an engine. It is accurate, reliable, and 
generally more sensitive than ioniza- 
tion gaps. Using this instrument, the 
incidence of surface ignition has been 
determined in a representative sam- 
pling of late model cars. More than 
half had an instrumentally detectable 
amount of surface ignition. (Paper 
78U) 


Surface Ignition Control — Surface 
ignition (and its noises) increases with 
compression ratios. It is influenced by 
combustion chamber shapes and fuels. 
Inverted “V” and hemispherical com- 
bustion chambers are superior to 
wedge type in controlling surface ig- 
nition and noise. Phosphorus fuel ad- 
ditives reduce the level of surface 
ignition, but will not cure it. (Paper 
78V) 


Combustion Noise and Vibration — 
In laboratory engines instrumented to 
measure surface ignition, vibration, 
and noise, various types of surface ig- 
nition — even non-knocking — caused 
obvious roughness. Additives effective 
in controlling surface ignition were 
helpful in reducing vibration and noise. 
However, in clean engines, pure hy- 
drocarbons with normally high com- 
bustion rates resulted in obvious harsh- 
ness and roughness. These effects, 
comparable to surface ignition, indi- 
cated the margin between normal and 
abnormal manifestation may be quite 
narrow. (Paper 78W) 


Spare Tire Lingers On — Numerous 
plans have been devised for eliminating 
the spare tire, but the spare is likely 
to remain: the car owner wants it! 

Elimination of the spare promises 
weight savings, contributes to the de- 
sign of lower silhouettes, and gives the 
car owner more trunk storage space. 
Statistics show that punctures are 
getting fewer and tire troubles rarer, 
yet the psychological fact remains that 
the car owner insists upon having a 
spare along. 

Firestone has been studying the 
problem for years, and has sought 
something to replace the spare, but 
finds nothing more suitable. Possible 
replacement items considered include: 
two-chamber tires, built-in expansible 
tubes, multicompartment tires, and the 
Perma Spare, a thin steel disc with 
rubber-covered outer edge which is 


affixed by wheel lugs and gives 100 
miles of emergency service. (Paper 
79T) 

Use of self-sealing puncture-proof 
tires is proposed by Goodrich, with the 
spare replaced by an air container for 
inflating any tires which develop slow 
leaks. Another possibility is a two-ply 
folding tire which, occupying little 
space, is mounted on the wheel when 
a failed tire is removed. (Paper 79U) 

Goodyear recommends the use of 
dual compartment tires, citing taxicab 
experience as proof of their adequacy. 
It is estimated that such tires would 
reduce service failures to about two 
per cent, making them as infrequent 
as brake difficulties. (Paper 79V) 

U. S. Rubber suggests several alter- 
natives. They have developed a sea- 
lant for tubeless tires which reduces 
the rate of air leak until repairs can 
be effected. Another company devel- 
opment is a nylon tire with brass- 
plated steel wire reinforcing the thread. 
A third development is the reserve 
chamber tire in which the failed sec- 
tion is reinflated at roadside and will 
carry the car to the nearest repair 
station. (Paper 79W) 


Governors Assure Safe, Efficient Op- 
eration — Engine governors, especially 
needed on work vehicles, make drivers 
more capable and safer. They assure 
substantial savings in tire wear, en- 
gine repairs, fuels, lubricants, brake 
adjustments — and especially, in ac- 
cident prevention. 

A governor can prevent engine abuse 
through overspeeding in all gear 
ranges. Very high speed causes ex- 
cessive engine wear and lower gas 
mileage — leading to high maintenance 
and high operating cost. Governors 
prevent the vehicle from being op- 
erated in the high-cost range. 

King-Seeley Corp. has developed a 
simple, economical air-flow governor 
—with all parts of stainless steel. It 
functions not only as a governor but 
as a check on engine operating ef- 
ficiency. (Papers 80T, 80U, 80V, 80W, 
80X, 80Y, and 80Z) 


New Generator —A new self-recti- 
fying ac generator has been developed 
which charges at idle, gives 60% more 
output per lb, and is more durable. 

This durability has been made pos- 
sible by substitution of silicon recti- 
fiers for selenium ones. The silicon 
rectifiers are smaller, less fragile, and 
less subject to damage because they 
are mounted within the generator 
which also conserves space and mini- 
mizes outside connections. 

This new generator has a top output 
of 215 amp and supplies 135 amp at 
idle. (Paper 81T) 


Plastic for Automotive Use — Many 
new plastics are available and suitable 
for application to motor vehicles. 
There is a need for a plastic capable 
of replacing steel for car bodies, for 
an adhesive, and for an improved or- 
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ganic body solder. However, the new 
materials must be both better and 
cheaper, and the plastics industry must 
demonstrate the savings. 

Many phenolics are becoming basic 
construction materials, among them 
the sisal-filled varieties which replace 
rag stock. Glass-filled phenolics are 
also gaining acceptance, having proved 
superior for such uses as oil pump 
gears. 

Styrene materials are finding use 
for such purposes as injection-molded 
ventilating shrouds, with a 60% cost 
saving. New applications for the poly- 
ethylenes include defroster nozzles, sun 
visors, glove compartments, dash- 
boards, deck trays, gas tank caps, and 
air intake tubes for filters. 

Nylon is now being used for an aver- 
age of 42 parts per car, with a new 
nylon resin, Zytel, apparently headed 
for use in cooling systems. 

Foam-in-place plastics are finding 
growing usage in weather stripping 
and sound insulation. Undergoing 
tests are special urethane foams for 
replacing air in tires. (Paper 82T) 


New Elastomers Break Old Barriers 
—Elastomers are available today to 
solve most of the current technical 
problems of rubber in the automotive 
industry. The cost of many, however, 
seems prohibitive. The result is that 
they are used only as a last resort — 
usually to solve an otherwise insoluble 
or extremely serious problem. Volume 
use of the premium-priced polymers 
will reduce the price, but such mate- 
rials as the fluorinated elastomers, be- 
cause of the basic materials and proc- 
esses involved, always will be expensive 
in comparison with the more conven- 
tional, widely used, elastomers. But 
certainly there is a place for premium- 
priced elastomers in the automotive in- 
dustry. 

Seals of polyacrylics, silicones, or flu- 
orinated hydrocarbons may permit 
higher temperature operation of auto- 
matic transmissions and eventually 
may eliminate the expensive oil cooler 
on many transmissions. Mechanical 
rubber goods may take advantage of 
the extreme toughness, strength, and 
abrasion resistance of urethane rubber 
and, by letting a small volume of rub- 
ber do the work of a relatively large 
volume of conventional elastomer, pos- 
sibly actually reduce cost and save 
space as a bonus feature. 

The automotive industry has not yet 
taken full advantage of all the supe- 
rior and peculiar properties of the new 
elastomers. To accomplish this, com- 
ponents must be designed around the 
material in contrast to the more normal 
procedure of fitting a material to an 
established design. A sound approach 
in many instances would be to break 
with precedent and obsolete the design, 
apply imagination, and use the elas- 
tomer properly. The results may be 
astounding. (Paper 82U) 
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PRELIMINARY TESTING of lubri- 
cating oils and oil additives may be 
quickly and inexpensively accom- 
plished through use of Lubrizol |n- 
ternational’s new Petter diesel en- 
gine. Displayed during the session 
on European Research and Devel- 
opment, this British rig determines 
whether an oil or oi! additive merits 
further full-scale testing 


PASSENGER CAR SEATING—J. G 


(lower right), 


Passenger Car Seating.’ 


OVER 350 SAE MEM- 
BERS attended the Met 
Section Welcome 
Aboard Party on Sun- 
day evening. There to 
greet them were (from 
left) Met Section 
Chairman R. W. Hogan, 
Past Chairman S. G 
Tilden, Jr., C. M. Lar- 
son, and Past Chairman 
S. G. Tilden 


Haviland, Division 


GMC’'s Fisher Body 
demonstrates seating equipment for D. J. Schrum, Studebaker- 
Packard Corp. (lower left), who was chairman for the panel on ‘“‘Develcoment of 


Looking on are: E. R. Langtry, Ford Motor Co.: R. A 


Graves, Chrysler Corp: 
H. S. Mika, Ford Motor 
Co.; A. R. Dulzo, Allen 
Industries, Inc 

At the same session, 
Graves discussed and 
demonstrated the ‘A’ 
machine, which has been 
developed at Chrysler for 
similar test work. Lang- 
try and Mika described 
work with “Oscar,” the 
dummy developed by Ford 
engineers for passenger 
car seating tests 
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AT 5TH WORLD ... 


... Petroleum Congress, SAE was an exhibitor. 


AE sponsored an exhibit at the Fifth 

World Petroleum Congress held at 
the New York Coliseum June 1-5. 
Decision to participate was made at 
SAE Council’s January meeting. 

Among those who visited the SAE 
booth during the Congress were pe- 
troleum technologists, and automotive 
and allied industry engineers from 
Japan, Finland, France Great Britain, 
Germany, South America, and various 
parts of the United States. 

Manned by members from Chicago, 
Detroit, and the New York metropoli- 
tan area, the SAE booth furnished lit- 
erature about SAE membership and de- 
scriptions of various Society activities. 

SAE President Leonard Raymond 


dropped in several times to meet visi- 
tors and members. 

The Fuels and Lubricants Activity 
Committee accepted Council’s assign- 
ment to organize the display. A. L. 
Brodie of the Activity, assisted by T. B. 
Rendel of the SAE Metropolitan Sec- 
tion, recruited volunteer receptionists 
to serve at the booth. 

Included were: Ralph Albright, Cal- 
tex Service Co.; J. T. Bugbee, Texaco, 
Inc.; A. L. Brodie, Texaco, Inc.; John 
Duckworth, Standard Oil Co. (Ind.); 
W. P. Dugan, Sun Oil Co.; Metropolitan 
Section Chairman R, W. Hogan, Ethyl 
Corp.; N. A. Hunstad, GM Research; 
H. C. Gooch, Tidewater Oil Co.; George 
Kellis, Sinclair Refining Co.; D. R. 


F ACTS » « « from SAE literature. 


(Except where a charge is specifically indicated, SAE Journal will be 
glad to supply on request one copy of any of the pieces of SAE litera- 
ture described. Address “Literature,” SAE Journal, 485 Lexington 


Ave., New York 17, N. 


OF THE 185,000,000 lb of reinforced 
plastics sold in 1958, 46% was used in 
the ground and air vehicles and parts 
produced by the automotive industry. 
... This is just one of many interesting 
facts contained in SAE Journal’s new 
advertising promotion booklet, “PLAS- 
TICS.” 


RIGHT NOW, SAE PLACEMENT 
SERVICE is listing more than five 
times as Many job openings as it has 
applicants for those jobs. Listed al- 
ready are 80 typewritten pages of open- 
ings —and an additional 12 pages of 





92 


Y.) 


new ones are coming in each month. 

Just for the asking, SAE members 
and enrolled students may have a copy 
of: 

a) “SAE Placement Service — What 
It Is— How It Works” .. . A pamphlet 
describing the Service. 

b) “How to Get Your Job”... A book- 
let prepared by SAE Placement Serv- 
ice from experiences of the Man Mar- 
keting Clinic of New York — which has 
helped many thousands to land the 
job of their choice. 


“SAE STUDENT STORY” — the So- 
ciety’s description of its aims and ac- 





T. B. Rendel of Shelli, A. L. Brodie and W. H. 
Kite, Jr., both of Texaco, are “on duty” at the 
SAE booth at the New York Coliseum during 
the Fifth Worth Petroleum Congress. 


Kimber, Lubri-Zol Corp.; W. H. Kite, 
Jr., Texaco, Inc.; G. K. Malone, GM 
Research; A. F. Moricca, Caltex Serv- 
ice Co.; Leslie Peat, Motor Truck News; 
E. C. Post, Tidewater Oil Co.; R. A. 
Randall, GM Research; T. B. Rendel, 
Shell Oil Co.; A. R. Rogowski, MIT; 
Carl Ryan, E. I. du Pont Nemours & 
Co., Inc.; G. F. Sheppard, British Pe- 
troleum Co., Ltd.; and Vice President 
of Fuels and Lubricants Activity L. L. 
Withrow, GM Research. 


tivities in the ever-expanding student 
area — was requested by a nonmember 
in Melbourne, Australia, recently ... 
as a result of a one-line statement in a 
recent SAE Journal article. Student 
enrollment in SAE, the “Story” re- 
veals, gathers together nearly 5000 en- 
gineering students in more than 100 
schools in this country and abroad. 
Enrollment includes students in Can- 
ada, Mexico, India, Germany, Brazil, 
and Switzerland. 


BALL BEARINGS today operate as 
high as 150,000 rpm; a few as high as 
450,000 rpm. Twenty years ago 20,000 
rpm was a major accomplishment... . 
But great efforts in materials and lu- 
bricants development still remain to be 
made to give absolute reliability in the 
extreme temperature field. So says 
Fafnir’s A. B. Jones in one of four 
Southern New England Section sem- 
inar presentations which comprise the 
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new SAE Special publication, SP 168. 
. . . priced at $2.50 to members; at $5 
to nonmembers. (To order, turn to 
p. 6.) 

J. R. Hull of Torrington, L. W. Mc- 
Kee of Barden, and H. Hanau of New 
Departure were the other three bear- 
ing engineers to contribute to the 
4-part presentation. Included is the 
following information: 

A. B. Jones, assistant chief engineer, 
Fafnir Bearing Co.: Large ball bearings 
used in main shaft applications are 
covered. Emphasis is placed on the 
contact of solid elastic bodies, ball 
bearing geometry, internal fitup, de- 
flection and preloading, load carrying 
capacity and fatigue life, and sliding 
friction and gyroscopic effects. High- 
speed digital computer solutions of 
bearing problems are also included. 

J. R. Hull, assistant chief engineer, 
Bearings Division, Torrington Co.: Nee- 
dle and medium-size roller bearings 
are discussed with emphasis on air- 
craft applications involving oscillating, 
slow rotation, hinge, pivot, and linkage 
bearings. High-temperature operations 
are covered. 

L. W. McKee, chief product engineer, 
Barden Co.: Ultra-high-speed aircraft 
accessory ball bearing applications are 
reviewed for materials, lubrication sys- 
tems, fits, balance and critical speed 
problems, and causes for failure. 

H. Hanau, supervisor, Aircraft Proj- 
ects, New Departure Division, GMC: 
The four parts of this presentation 
cover: high-speed moderate-temper- 
ature bearing operation; high-tem- 
perature, moderate-speed and oscillat- 
ing operation; high-speed, high-tem- 
perature operation; and operation in 
unusual environments. 


SAE MEMBERSHIP COMMITTEE- 
MEN have a Handbook! It answers 
questions most often asked by member- 
ship commiteemen. “Quality Growth,” 
it says, is “SAE’s membership aim.” ... 
It tells who is eligible, the “why” of the 
initiation fee . . . the cost of member- 
ship, and other information. 


PART 7 OF ENGINEERING KNOW- 
HOW in ENGINE DESIGN is the new- 
est SAE Special Publication (SP 163) 
resulting from MILWAUKEE SEC- 
TION’S seventh successful lecture se- 
ries on this subject. (Price to mem- 
bers, $3.50; to nonmembers, $7. To 
order, turn to p. 6.) 

This year the series covered: 


Solving Automotive Engine Rough- 
ness Problems by John O. Anderson, 
Senior research engineer; C. Harold 
Ek, research engineer; and Charles W. 
Gadd, supervisor of vibration and stress 
analysis, Special Problems Department 
—all of the General Motors Corp. 

A “detective’s set of tools” is recom- 


JULY, 1959 


mended to cover the wide range of 
vibrations problems encountered in 
different engines. These tools in- 
clude sound analyzers as well as 
seven types of pickups. Several ac- 
tual examples illustrate the use of 
the tools and position the results 
with respect to “jury” decisions on 
objectionable sound levels. 


The Viscous Torsional Vibration 
Damper by R. Douglas Rumsey, chief 
engineer, Houdaille Industries, Inc. 

Six types of torsional vibration 

dampers are reviewed. Five types 

of damp test machines are described. 


Engine Mountings for Vibration Con- 
trol by James W. Sherrick and Bruce 
A. Kindgren, product engineers, Lord 
Mfg. Co. 

The method of designing engine iso- 
lation mounts is described including 
the theory of isolation, spring rate 
determination, coupled and decou- 
pled systems, and the basic data re- 
quired. 


Design and Development of Air In- 
take Silencers and Air Cleaners by 
John J. Drezenes, chief engineer, In- 
dustrial Enterprises, Inc. 

The evolution of the modern dry- 

type combination air-cleaner and 

Silencer is portrayed. Emphasis is 

given to designs that are compact. 


Exhaust and Intake Silencers by R. 
L. Hoyle, chief engineer, Burgess-Man- 
ning Co. 

The intake and exhaust systems of 

engines are treated as both an acous- 

tical and a hydraulic problem. The 


use and design of snubbers is de- 
scribed. 


All five lectures are available as SP 
163. 


SAE SECTIONS ACTIVELY SEEK 
TO MEET THE ENGINEERING 
NEEDS of members living in the par- 
ticular areas .. . which results in the 
provision of a wide variety of special- 
ized technical information to meet the 
requirements of the industrial centers 
where SAE Sections headquarter. 
Following are the “home towns” of 
SAE’s 44 Sections and Groups listed 
in “Aims and Activities of SAE and 
Privileges of SAE Membership”: 

Albany Muskegon 
Albert New York 
Atlanta Peoria 
Baltimore Philadelphia 
Boston Pittsburgh 
Buffalo Portland 
Chicago Richmond 
Cincinnati St. Louis 
Cleveland Salt Lake City 
Dallas San Antonio 
Dayton San Diego 
Denver San Francisco 
Detroit Seattle 
Flint Spokane 
Hartford Syracuse 
Honolulu Toronto 
Houston Tulsa 
Indianapolis Twin Cities 
Kansas City Vancouver 
Los Angeles Washington 
Milwaukee Wichita 
Montreal Williamsport 


SUUAERERDAAANTEUDEDEARTUDESEDEDONA DOT UEAEANAAT OU TADEEEEA GLA TEDDOREREEEATEDODEUEATAATEL CEE EEE EERE EEE eee 


Youll . . « be interested to know that... 


IN THE UNION OF SOUTH AF- 
RICA SAE has 25 members. ... In 
fact, there are 844 SAE overseas mem- 
bers — residing in 62 countries. Eng- 
land leads with 245; and 38 of the 48 
French members live in Paris. 


THESE DAYS ABOUT 31,000 copies 
of SAE Journal are printed each month 
... Of which about 23,000 go to mem- 
bers up to date with their dues pay- 
ments; something over 4,000 to stu- 
dents; and about 2,300 to outside sub- 
scribers. The rest either go to adver- 
tisers and prospects—or are held to 


cover new members expected to join 
within the quarter. 


P. T. VICKERS of General Motors 
Research Laboratories has been ap- 
pointed by Council as SAE’s represent- 
ative on the American Conference 
Committee, which meets periodically in 
preparation for the Second Interna- 
tional Heat Transfer Conference. 

The Second IHTC will be held Aug. 
28 to Sept. 1, 1961, at the University of 
Colorado in Boulder, Colo. The First 
Conference took place in 1951 in Lon- 
don. 


VAUUAEAETUAAEELDODUNDUALLLAEEDDDEOEUAOEEEAAEPEEEL UD UADEL NARADA 
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CLTION 


IT WASN’T THE STYLIST, nor the market analyst 
who led the parade to replace the horse and buggy... 
the engineer HAD to be there first, Buick’s Chief Engi- 
neer O. K. Kelley told DETROIT SECTION members on 
May 11. The engineer was the traditional pioneer. 

Expressing optimism for the future, Kelley sees little 
need for major change in techniques. In proper timing 
and selection of the changing products of tomorrow, 
however, he foresees the market analyst as “an essential 
and highly respected member of the team.” 








INTERNATIONAL ASPECT OF WASHINGTON SEC- 
TION meetings is emphasized by this group in atten- 


Highlight of DE- 





dance at the April 21 meeting .. . where S. G. Keahey of TROIT’S May 11 
All American Engineering Co. talked on “Assisted Take- meeting See 
Off and Landing Systems.” (Left to right) Col. Bruno presentation to 
Ricco and Col. Matacotta of the Italian Air Force find George W. Holley 
interest in one of Harold Hoekstra’s many stories. of a plaque hon- 
Hoekstra is chief project engineer of CAA, a past chair- oring him for 50 
man of the Washington Section and a past SAE vice- years of member- 
president. The editor of the Italian magazine “Missili ship in SAE. 


Razzi” stands at the right. 


ee | pe Re a hee : 


ee ~" Wee ~~ *¢ 
rm ore oo 








A FULL TURNOUT OF SECTION OFFICERS AND IMPORTANT COMMITTEEMEN showed up for TWIN CITY SEC- 
TION’S Annual Ladies Night on May 13. They heard BBD&O’s Alfred H. Clague tell the ladies how packaging design in- 
fluences feminine purchases. (Left to right) J. J. Hite (Section delegate to SAE Nominating Committee); L. W. Foster, 
Jr. (Section representative on SAE Sections Committee); T. G. Valenty (field editor); G. K. Isaacs (reception chair- 
man); D. L. Van Orman (vice chairman and incoming chairman); L. E, Haas (meetings chairman and incoming treas- 
urer); R. A. Hill (secretary and incoming vice chairman); T. E. Murphy (meetings arrangement chairman); E. D. 
Sowers, (treasurer and incoming secretary); A. L. Preston (retiring chairman). 
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SAE’s President Raymond Visits . . . 


Philadelphia Section . . . Baltimore Section ... 


cet analyst 

buggy... 

‘thief Engi- 

1embers on 

pioneer. 

sees little 

yper timing : 

tomorrow, Pe Baltimore Section’s ‘“Presi- 

n essential Philadelphia Section on April 8 . . . where he served as Chairman in 1949-50. Here he is shown dent’s Night” on April 9, as 
visiting with the Section at Drexel Institute. (Left to right) Prof. L. J. Stradling, Jr.; Mr. Raymond; guest of honor. 
Josiah French, Philadelphia Section Chairman; D. R. Diggs, section vice-chairman; F. C. Walton. 


Mid-Continent Section .. . 


Wichita Section ... 


Washington Section on April 21 where he 

presented D. B. Brooks a 25 year SAE : ; 

membership plaque. Mid-Continent Section’s annual “Ladies Night” 
meeting on May | (left to right) with incoming 
chairman H. T. Quigg; W. L. Thompson, outgoing 
chairman; President Raymond; and Chester A. 
Lauck, speaker of the evening. 


Cleveland Section ... 


In Wichita where he visited with J. P. 
Gaty, vice president of Beech Aircraft. 


CITY SEC- 

z design in- ; i 
W. Foster. Cleveland Section on May 11 where he visited 

tion chaire the Thompson Auto Album with Cleveland Sec- 
aa ss tion Chairman |. Howard Dunn (right front) and 

ming ‘reas W. |. Marble, SAE headquarters staff (rear left) 


an); E. D. and E. H. Scott, 1959-60 Cleveland Section 
Chairman. 
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HAWAII SECTION on May 19 heard G. J. Morgan, 
Carter Co.’s Brake Division manager, talk of the need 
of an auxiliary braking system on heavy-duty trucks 
and buses — followed by discussion from the floor. Mor- 
gan flew from Los Angeles to be guest speaker. Here 
(eft to right) are J. E. Landes, field editor; speaker 
Morgan; W. J. Maze, Section chairman; R. Bay, Carter 
Co. branch manager; and W. T. Waterhouse, manager 
Murray Air, Ltd. 


MILWAUKEE  SEC- 
TION’S ANNUAL 
PLANT TOUR went 
to Chain Belt Co. this 
year. On May 1 
members inspected 
the company’s Con- 
veyor and Process 
Equipment Division, 
its Construction 
Equipment Division, 
its Chain and Trans- 
mission Division, its 
Castings Division . . . 
and its Fatigue and 
Dynamics Laboratory. 
. . . After dinner at 
the Milwaukee Ath- 
letic Club, Chain 
Belt’s Chief Metal- 
lurgist W. F. Hof- 
meister showed how 
to predict fatigue life 
by application of the 
Corten-Dolan theory. 
This theory predi- 
cates that fatigue is 
due to cumulative 
damage at random 
stress levels. 

















SAE members inspecting tire carcass in Tire Test Section of Detroit 
Arsenal Laboratories. This test is part of acceptance testing of pro- 
duction tires. 


200 DETROIT SECTION JUNIOR SAE MEMBERS 
toured Detroit Arsenal Laboratories Division on May 
4... and saw slides of the Laboratories’ climatic cold 
room and model pattern shop, which were operating on 
classified material. They visited every other part of 
the lab in person. 

Particularly impressive to the group was the Arsenal’s 
newly completed hot cell, with its provision for extremely 
large and powerful vehicles. This hot cell can direct air 
circulation in eight different directions. The group also 
saw two outdoor demonstrations: a) deep water fording, 
and b) a skid type dynamometer for quick performance 
check of complete tanks. 


]. Brent Malin, out- 
going Southern Cali- 
fornia Section chair- 
man, welcomes 
Charles F. Thomas, 
incoming chairman at 
the Section’s May 11 
meeting. The Mac 
Short Memorial 
plaque is in the fore- 
ground. 








Purdue University, where Dr. G. M. Sprowls discussed 
his company’s product, Tyrex tire cord. Purdue hosts 
and speaker of the evening were: (left to right) Dean 
H. L. Solberg, Dr. G. M. Sprowls, Richard Fleming, Stu- 
dent Branch chairman, and Prof. O. C. Cromer, faculty 
advisor. 
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THE 1959 MAC SHORT MEMO- 
RIAL AWARD was presented at 
SOUTHERN CALIFORNIA SEC- 
TION’S May 11 meeting to James 
De Lamare of California Polytech- 
nic Institute for “The Ramjet En- 
gine,” a paper written by him and a 
fellow student, Dalton Sherwood. 
Presentation was made by Mrs. Mac 
Short, widow of the former SAE 
president in whose memory the 
award is given annually. 

This is the sixth time California 
Poly students have won the award 
out of the nine years since its in- 
ception. 

The paper by these two mechani- 
cal engineering students was based 
on their designing and static-testing 
of the smallest type of ramjet en- 
gine ever built and successfully op- 
erated burning liquid fuel. The 
ramjet has an internal diameter of 
2 in. and is approximately 2 ft long. 
Because of its smallness, a specific 
fuel injection was devised for it. 
The jet, with more than 50% effi- 
ciency, is said to produce more than 
500 hp, or about 100 hp for each lb 
of engine weight. Basic design 
stipulations were: velocity of mach 
2.5, altitude 50,000 ft, and normal 
requirements of tactical operation, 
referring to 300 to 500 mph inter- 
ceptor missiles. 


ONE YEAR WITH IGY SOUTH 
POLE EXPEDITION .. . TRENDS 
IN AUTOMOTIVE ELECTRICAL 
EQUIPMENT ... PRECISION VS 
COMMERCIAL BALANCING ... 
WHAT DOES USED OIL ANALY- 
SIS TELL? ——is the diversified 
program furnished CLEVELAND 
SECTION members in an-afternoon 
and evening session on May 11... 
Plus a visit to the Thompson Auto 
Album of antique cars . . . plus SAE’s 
President Leonard Raymond as cof- 
fee speaker. 

Speakers were: T. H. Madden of 
SO (Ohio), who talked about used 
oil analysis; Ralph T. Buscarello of 
Stewart-Warner who contrasted 
precision with commercial balanc- 
ing; and Rev. Henry F. Birkenhauer 
of John Carroll University, who re- 
ported on his year of service with 
the IGY expedition to the South 
Pole. 


THE WORLD’S FASTEST 
FIGHTING PLANE was inspected 
by NORTHERN CALIFORNIA SEC- 
TION members when they visited 
the Hamilton Air Force Base on 
May 27. The F-104 Star Fighter, 
they learned, has a speed record of 
1404 mph . . . and a service ceiling 
of more than 75,000 ft. It is pow- 
ered by GE’s J-79 engine which 
provides about 20,000 Ib thrust. 
F-104 weighs only 30,000 lb, and has 
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a fuel capacity of 900 gal. It flies as 
long as 2 hr 20 min throttled back 
on JP-4 fuel. At high performance 
conditions, flight may be only 30 
min — average mission lasts about 
1% hr. 

The F-104 is equipped with two 
Sidewinder heat-sensing, deadly- 
accurate missiles — capable of out- 
maneuvering any aircraft. 

lst Lt. Bill Burke briefed the visi- 


tors on the fighter and its specifica- 
tions. 


“ABOVE AVERAGE ENERGY is 
the one trait most common to all 
outstanding executives,” says Union 
Oil’s Kenneth Kingman. (He was 
guest speaker at SOUTHERN CALI- 
FORNIA’S Annual Ladies Night 
meeting on May 11.) 


GUELUAAEOLAAEETAAAT ALERT AERA eee 


ATIONAL MEETINGS 








© August 10-13 


International West Coast Meeting 
Hotel Georgia, Vancouver, B.C., Canada 


Papers on: 
Marine gasoline @ Truck tires @ Mechanic training 
Lubrication — engine maintenance @ Fuels and lubricants 
Heavy-duty accessories and systems @ Engine noise 


Diesel operation on land and sea @ Brakes for heavy-duty equipment 





®@ September 14-17 


Auditorium, Milwaukee, Wis. 


@ October 5-10 


®@ October 26-28 


= 


®@ October 27-29 


®@ October 28-30 


PC 


National Farm, Construction, and Industrial Machinery Meeting 
(including production forum and engineering display), Milwaukee 


National Aeronautic Meeting (including manufacturing forum and 
engineering display) , The Ambassador, Los Angeles, Calif. 


National Transportation Meeting, La Salle Hotel, Chicago, Ill. 


National Diesel Engine Meeting, La Salle Hotel, Chicago, Ill. 


National Fuels and Lubricants Meeting, La Salle Hotel, Chicago, Ill. 
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Letters 


from Readers 


From: 
K. N. Tinklepaugh 
608 Palm Drive 
Oxnard, Calif. 


Dear Editor: 

Whenever the development of a 
weapons system requires such an inor- 
dinate amount of time that the final 
product is obsolete before it is reliable, 
then it is incumbent upon the engi- 
neers involved to determine what is 
needed to accelerate the program. At- 
tempts to meet environmental specifi- 
cations without considering alleviation 
methods can eat up development time. 

For example, temperatures of — 65 F 
do occur in the polar regions, but not 
frequently or for long periods. Tests 
requiring cold-soaking missile compo- 
nents at — 65 F are unrealistic, since in 
operation it is easily possible to heat 
complete missiles. 

A philosophy of reasonable care of 
a complicated piece of equipment has 
dictated that in the polar regions 
equipment such as trucks, tractors, 
snowplows, and airplanes will be 
heated during nonoperating periods. 
Why then specify temperatures of — 65 
F for missiles during these periods? 

Calculations have shown that an in- 
sulated van, 8x8x20 ft with heat in 
the amount of 5,000 to 10,000 Btu per 
hr can hold missile temperatures at 0 
F when the outside ambient tempera- 
ture is -—65 F. Even failure of the 
heating system under this infrequent 
extreme condition allows at least 14 hr 
time lag before missile temperatures 
reach -20 F. Similar considerations 
for both air-launched and surface- 
launched missiles during transporta- 
tion, prelaunch, and launch indicate 
that — 20 F would be a much better de- 
sign temperature than -— 65 F. 

Many of the real difficulties insofar 
as temperatures are concerned arise 
because of attempts to meet both low 
and high temperature extremes with- 
out auxiliary aid. Since heating is easy 
to provide, the cold temperature speci- 
fication should be relatively moderate, 
so that concentration of effort can be 
put into solving the manifold high 
temperature problems. Possibly allevi- 
ation of other environmental effects as 
well as those of temperature is the key 
to accelerating our developmental pro- 
grams to the point where we are no 
longer coming into the production 
phase with obsolete items. 
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From: 
Harry Baum (M ’50) 
Harry Baum Associates 
New York, N. Y. 


Dear Editor Shidle: 

Yes, you’re right. Dictation is a 
major hurdle to clear writing for most 
of us. But I don’t think the dictation 
is at fault. My feeling is that most 
people, when they are about to present 
their thoughts to an important audi- 
ence, get a bad case of stage fright, 
and try to lick it by becoming formal 
and pompous. If Mr. X has something 
to tell you, and you sit down face to 
face, the chances are he’ll get his ideas 
across simply and directly. But when 
the same Mr. X is dictating those 
thoughts for presentation to some 
faceless audience, he stiffens up — and 
so does his speech. The same fellow 
that, when talking directly to you, will 
say, “Here’s how the widget works,” 
will dictate (or write), “The method of 
operation of the widget may be de- 
scribed as follows.” 

I think most people could lick their 
stage fright by pretending they’re talk- 
ing to a friend, instead of thinking of 
that big, faceless audience that will 
eventually read or hear what they have 
written. 

Good writing takes practice, and it 
doesn’t make much difference whether 
a man is writing with a typewriter, or 
with a pencil, or with a microphone. I 
like the microphone best because it’s 
fastest. Using a dictating machine, I 
can complete two drafts of an article 
in the time it would take me to type- 
write one. 

As for your point that writing for 
speaking differs from writing for read- 
ing, I agree with you. As writers, both 
of us can appreciate the difference, but 
I feel it is too subtle for most people. 
Just let them pretend they’re talking 
to a friend, and they’ll do well. If the 
speech or paper is important enough 
to worry about the subtleties, let them 
call on a professional writer. 


From: 
Purdue University Libraries 
Lafayette, Ind. 


Dear Editor: 


We would appreciate any informa- 
tion you have as to the publication of 





SAE preprints. Particularly, we are 
interested in knowing how these publi- 
cations are issued; that is, the relation- 
ship of preprints which are labeled 
with the letter prior to the number as 
compared to those in which the letter 
follows the number of the preprint. 

Recently a preprint arrived at the 
Purdue University Library titled 
“Power Unit for Mechanical Refrigera- 
tion” by John M. Smidl which was 
numbered T37. Other preprints were 
numbered with the T following the 
number. Is the number found on the 
paper by Smidl correct? 

Does SAE publish a listing of their 
papers published? 


@ We hope that the following infor- 
mation regarding numbers and let- 
ters appearing on SAE publications 
will be of help to you. 

1. The only papers with the letter 
after the number are SAE national 
meeting papers. Papers with the 
same number before the letter were 
presented at the same session. 

2. A “T” before the number means 
that the paper was presented by title 
only. A title presentation is one 
which is sponsored by an SAE com- 
mittee and its availability announced 
at a national meeting, although it 
was not presented (even in abbrevi- 
ated form by the author.) (Since 
J. M. Smidl’s paper was a title pres- 
entation, the number T37 is correct 
for it.) 

3. An “S” before the number indi- 
cates that the paper was presented 
at an SAE Section Meeting. 

4. “TR” before the number means 
Technical Report, i.e., a report ema- 
nating from one of SAE’s many tech- 
nical committees. 

5. “SP” before the number desig- 
nates a Special Publication. An SAE 
Special Publication may have been 
available in one of the four forms 
above mentioned prior to becoming 
an SP —or it may not have. An SP 
may be a single paper or report — or 
it may be a symposium of several pa- 
pers of closely allied interests. Ma- 
terial is made available in the form 
of an SP when it seems that this 
technique will better service the 
reader, when it is expected that the 
information will be used for special 
purposes, and when it is anticipated 
that there will be demand for the 
publication for more than one year. 
Whereas saleable supplies of meet- 
ings papers are kept available for 
only one year, Special Publications 
are kept available as long as sufficient 
demand for them exists. 

We realize that some of this may 
seem confusing to the outsider, but 
the numbering and lettering system 
has, of course, been set up mainly for 
identification, filing, and other pur- 
poses which assist our handling of 
the publications here at Staff Head- 
quarters. 

A checklist of all available SAE pa- 
pers is available on request. — Editor 
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HARRY E. CHESEBROUGH has 
been named to head the newly formed 
Plymouth-De Soto Division of Chrys- 
ler Corp. As corporate vice-president 
and divisional general manager, Chese- 
brough will be responsible for all field 
sales activities as well as distribution, 
product planning, advertising, sales 
promotion, market analysis, field serv- 
ice, scheduling, dealer relations, and 
public relations for Plymouth and De 
Soto products. 

Chesebrough has been with Chrysler 
since 1932 when he entered the Chrys- 
ler Institute of Engineering as a grad- 
uate student. He was elected a cor- 
poration vice-president and appointed 
general manager of the Plymouth Di- 
vision in April 1958. Chesebrough is 
1959-1960 SAE Councilor; he was 1953 
vice-president representing Body Ac- 
tivity; and he served as chairman of 
SAE Detroit Section in 1954-55. 


EMIL F. GIBIAN has been named 
vice-president — director of Thomp- 
son-Cofap-Companhia Fabricadora De 
Pecas (THOMPCO), in Santo André, 
Brazil, following his retirement on June 
1 as staff director — industrial engi- 
neering, Thompson Ramo Wooldridge, 
Inc, Gibian, who was 1952 SAE vice- 
president representing Production Ac- 
tivity, will continue to keep Cleveland 
as his base and home address. 


HARRY H. WHITTINGHAM has 
been made president and general man- 
ager of the Long Mfg. Co. of Borg- 
Warner Corp. He had been executive 
vice-president and assistant general 
manager of Long since 1957. Whit- 
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tingham also serves as board chair- 
man of two of Long’s Canadian sub- 
sidiaries. 


CARL F. SCHMIDT, airline engi- 
neering specialist for the past 17 years, 
has joined the Flight Safety Founda- 
tion, Inc. as engineering director. He 
will assist the managing director of 
the foundation on technical matters, 
and help service the maintenance and 
air operations divisions of the founda- 
tion. 

Prior to his new post, Schmidt was 
operations engineering specialist with 
Lockheed Aircraft Corp. 


FREDERIC C. WEYBURNE has 
been elected to the board of directors 
of Bendix-Westinghouse Automotive 
Air Brake Co. Weyburne, who has 
been with the company since 1926, is 
general manager of the Marshall- 
Eclipse Division of Bendix at Troy, and 
also of the Filter Division in Royal 
Oak, Mich. 


WILLIAM J. BIRD, formerly execu- 
tive assistant to the group vice-presi- 
dent — automotive sales, Chrysler 
Corp., has been named assistant gen- 
eral manager of the Dodge Car and 
Truck Division of Chrysler. He has 
been with the company since 1934, 
having joined the staff of the group 
vice-president — automotive, in 1956. 


JOHN ALLAN MacLEAN has been 
named president of Dodge Mfg. Corp. 
Prior to joining Dodge, MacLean was 
assistant group executive of Bendix 
Aviation Corp. 


Continued 
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CARL F. JOSEPH, technical director 
of Central Foundry Division, General 
Motors Corp., has received the McCrea 
Medal, highest honor offered by the 
malleable iron industry. The award 
was presented to Joseph by the presi- 
dent of Wagner Castings Co., at the 
Malleable Founders’ Society annual 
meeting. 


PAUL A. MILLER has joined Eaton 
Mfg. Co. as general manager of the 
Reliance Division. Formerly he was 
with Ford Motor Co. as general man- 
ager of the Accessory Division. 


HARRY E. FIGGIE, JR., an asso- 
ciate of Booz, Allen & Hamilton, has 
been admitted to partnership in the 
firm. Figgie has been working in areas 
of manufacturing planning and con- 
trols, industrial marketing, acquisitions 
and mergers, and profit improvement 
in the firm’s Cleveland office. 
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Miller 


Peterson 


Meldrum 


JAMES E. 
served Dana Corp. since 1956 as a 
sales engineer, has been named sales 
manager — Universal Joints for the 


PETERSON, having 


company. 


IRVIN W. FOLK, formerly assistant 
laboratory manager of Atlas Supply 
Co., has recently been made manager 
of the laboratory. 


GORDON MELDRUM has been 
named assistant chief metallurgist of 
Republic Steel Corp.’s central alloy 
district. Meldrum has been in metal- 
lurgical work in the district since 1936. 
He was assistant laboratory director 
in 1939, and alloy metallurgist in 1957. 


K. L. HERRMANN has recently been 
awarded an honorary Doctor of Science 
Degree from the University of Dela- 
ware. Herrmann is manager of the 
Herrmann Engineering Co. of Glen- 
dale, Calif. 





LONE O. REEDY, formerly eng’ 
neering supervisor, Caterpillar Tractc 
Co., has been assigned to Caterpille 
of Australia Pty., Ltd., as chief engi 
neer. Reedy joined the company i 
1935, and assumed his most recer 
post of engineering supervisor in 195: 


JOHN BALINT has joined th 
George K. Garrett Co., Inc. as ne 
product manager. Previously he we 
regional sales manager with the Hel 
Coil Corp., Inc. 


WILLIAM B. BUCKMAN, former! 
quality supervisor for Fairchild Air 
plane Co.’s Fairchild Engine Divisio 
place Co.’s Fairchild Engine Divisio 
has joined the Pilotless Aircraft D: 
vision of Boeing Airplane Co. 


LLOYD J. BARNEY has retired z 
division marketing assistant, Com 
mercial Consumer Sales, Socony Mob 
Oil Co., Inc., and is now living in Sa 
Bernardino, Calif. 


J. H. BOLLES has been named to th 
newly created post of divisional man 
ager of product reliability for Gener: 
Motors Corp.’s Delco Remy Divisio 
For the past five years, Bolles hs 
served as the Division’s director ¢ 
sales and engineering. 

HERMAN G. RIGGS has succeede 
Bolles as director of sales and engi 
neering for Delco-Remy, formerly h 
had been divisional works manager. 

ROBERT L. KESSLER, forme 
manufacturing manager for startin 
lighting, and ignition equipment, Del 
co-Remy, has moved to works manage 
assignment, succeeding Riggs. 


ROBERT R. MANDY, formerly di 
rector of research and developmen 
for Delmar Co., has become presiden 
of Diversified Engineering Laboratorie 
of Detroit. 


EDWARD P. TIGHE has been mad 
Manager — corporate profit analysi 
department, Chrysler Corp. In hi 
new post, Tighe will be responsible fo 
corporate profit planning, manufac 
turing budgets, operating controls o 
inventory levels, and educational pro 
grams for financial controls. Prior t 
this appointment, he served for tw 
years as manager of the corporat 
general and administrative budget de 
partment, Chrysler. 


DONALD T. ELLIS has joined th 
Dewey and Almy Chemical Divisior 
W. R. Grace & Co., of Cambridgs 
Mass. Ellis had been associated wit! 
Ford Motor Co. for the past seve 
years, most recently as assistant im 
ported car sales manager, M-E-L Di 
vision. 
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WILLIAM B. BERGEN has been 
elected president of The Martin Co. 
Since 1955 he had been serving as 
executive vice-president of the com- 
pany. Bergen joined Martin originally 
in 1937 as a vibrations engineer, and 
later was made chief flight test en- 
gineer. In 1951 he was made vice- 
president — engineering, in 1953 vice- 
president — operations. 


EUGENE W. KETTERING has re- 
signed as research assistant to the 
general manager of Electro-Motive 
Division of General Motors Corp., and 
has been appointed an engineering 
consultant for the Division. 

Kettering’s headquarters will be in 
Dayton, Ohio, where he will devote 
his time to the many institutional and 
family responsibilities he has assumed 
since the recent death of his father, 
Cc. F. Kettering. His activities will 
include work with the Sloan-Kettering 
Institute at N.Y., the Charles F. Ket- 
tering Foundation of Dayton, the Ket- 
tering Family Foundation in Chicago, 
and the Winters National Bank of 
Dayton. 

He joined Electro-Motive in 1938, 
taking over the engineering group on 
the 567 series GM Diesel engine, was 
made senior project engineer in 1942, 
assistant chief engineer in 1944, chief 
engineer in 1948, director of research 
in 1955, and research assistant to the 
general manager in 1958. 


DANIEL W. LYSETT has been 
named vice-president — sales of Borg- 
Warner Corp.’s Long Mfg. Division. 
Lysett has been director of sales for 
Long. He joined the company in 1942 
and served as chief clutch engineer, 
later becoming director of product en- 
gineering, then sales manager. 


Blanton 
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B. F. RAYNES has been made senior 
vice-president of Rohr Aircraft Corp. 
Since 1953 he has been vice-president, 
manufacturing, prior to which he was 
chief tool engineer. 


EDWIN OLNEY JONES has retired 
as senior vice-president and secretary 
of Federal-Mogul-Bower Bearings, 
Inc. He will continue as a director of 
the company. 

Jones has been with Federal-Mogul- 
Bower and its predecessor companies 
since 1919. He became a director of 
Federal-Mogul in 1929, a vice-presi- 
dent in 1943, secretary in 1944, senior 
vice-president in 1952, and continued 
in these capacities when Federal-Mogul 
became Federal-Mogul-Bower Bear- 
ings, Inc. 


SAMUEL W. BLANTON, Detroit 
zone manager has become sales man- 
ager, automotive products, for Delco 
Products Division of General Motors 
Corp. Blanton joined Delco in 1934 
and was made sales manager of the 
Detroit zone in 1955. 


RICHARD G. WALSH has been ap- 
pointed to the position of director of 
engineering at Titeflex, Inc. Prior to 
joining the company, Walsh had been 
manager of the engineering test and 
design engineering departments of 
Ford Motor Co.’s Aircraft Engine Di- 
vision. 


ALLEN K. PARRISH has been named 
to the newly created position of as- 
sistant general sales manager of the 
Michigan Division of Thompson Ramo 
Wooldridge Inc. He formerly was new 
products sales manager for the Di- 
vision. 


Kettering 


D. M. McDOWELL has been made di- 
rector of engineering of Roots-Con- 
nersville Blower Division of Dresser In- 
dustries, Inc. His new responsibility 
will include direction and management 
of all phases of Roots-Connersville’s 
engineering program. McDowell was 
formerly with the Le Roi Division of 
Westinghouse Air Brake Co. as man- 
ager of engineering. 


WILLIAM A, MADER has been made 
vice-president, Technical Services, of 
Oberdorfer Foundries, Inc. In his new 
position, Mader heads a newly estab- 
lished Technical Service Division com- 
bining the company’s quality, service 
and laboratory control departments. 
Mader has been associated with 
Oberdorfer for the past 16 years, most 
recently as chief metallurgist and di- 
rector of laboratories. 


KENNETH O. PARKER has been 
made chief engineer of United Air- 
craft Products, Inc. Parker joined the 
company in 1954, and has held po- 
sitions of test engineer, project engi- 
neer, staff engineer, and most recently 
assistant chief engineer. 


EDWIN R. STROH, JR. has been 
appointed to the newly created post 
of vice-president and director of sales 
for Electric Auto-Lite Co. Stroh 
formerly was vice-president and auto- 
motive sales manager for Holley Car- 
buretor Co. 


BYRON F. CAMPBELL has been 
made executive engineer of the Inger- 
soll Kalamazoo Division of Borg-War- 
ner Corp. Prior to his new post, Camp- 
bell was with Lith-I-Bar Co. as vice- 
president, engineering and production. 
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E, M. deWINDT, general manager of 
the Stamping Division of Eaton Mfg. 
Co. for the past five years, has been 
made assistant director of sales for 
the corporation. The post is newly 
created in the Eaton sales crganiza- 
tion. 


BENJAMIN R. ALSOBROOK, 1958- 
59 chairman of the SAE San Diego 
Section, has been made manager of 
stainless steel products for Rohr Air- 
craft Co. Alsobrook was formerly 
project engineering manager for the 
company. 


CHARLES M. HIRST, JR. has been 
named executive vice-president in 
charge of engineering and sales for 
Orscheln Brake Lever Mfg. Co. of 
Moberly, Mo. Hirst has been with the 
company as chief engineer since 1947. 


JAMES L. MOLNAR, formerly as- 
sistant body engineer - production, 
American Motors Corp., has been made 
production body engineer for the com- 
pany. Molnar joined American Motors 
in 1952 on the design layout staff and 
in 1954 was named body project en- 
gineer. 


JOHN P. HENSON has joined the 
Sales engineering staff of Dana Corp. 
Previously he was with Bendix-West- 
inghouse Automotive Air Brake Co. as 
regional manager of the Cleveland ter- 
ritory. 


HANSJOERG STERN has joined 
Microtech Research Co., Inc. of Cam- 
bridge, Mass., as manager of opera- 
tions and as principal engineer. Stern 
was previously associated with Gen- 
eral Electric Co. as manager, pre- 
liminary design, aircraft accessory 
turbine department. 

Stern is a member of SAE Com- 
mittee for Aircraft Hydraulic Pumps, 
Motors and Air Compressors, and 
chairman of the panel on Hydraulic 
Pump Reliability. 


BERNARD E. RICKS has assumed 
the responsibilities of chief product en- 
gineer, Michigan Division, Thompson 
Ramo Wooldridge, Inc. Formerly he 
was manufacturing manager of the 
company’s Thompson Products Di- 
vision. 


RICHARD L. OBLINGER has been 
made chief applications engineer for 
Controls and Accessories, Marquardt 
Corp.’s customer relations department, 
power systems group. He will now be 
responsible for marketing and field 
service for the company’s Controls and 
Accessories Division’s products. Ob- 
linger formerly was associated with 
TransDynamics, Inc., as applications 
engineer. 
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EDWIN R. AMBROSE, sales engi 
neer in the American Brakeblok Di 
vision of American Brake Shoe Co 
has been appointed to the company’ 
overseas operations. 


RUSSELL M. NEFF has retired a 
senior project engineer, Chevrole 
Motor Division, General Motors Cort 
Neff joined Chevrolet in 1933 an 
has been working primarily with de 
signing suspension springs, wheels 
tires, and shock absorbers. He ha 
worked with SAE Spring Desig 
Standardization Committee. 


WILLIAM C. BUNTING has bee! 
named to the Chevrolet Motor Divisio 
activity at General Motors Provin: 
Ground in Milford, Mich., as senio 
development engineer in the truck de 
velopment group. Bunting, who ha 
been with Chevrolet since 1940, wa 
formerly with the experimental testins 
section at the Chevrolet Engineerin; 
Center. 


GEORGE A. ZINK, formerly gen 
eral manager of Fabricast Division o 
General Motors Corp., continues a 
manager of the Fabricast plants i 
Bedford, Ind. and Jones Mills, Ark. 
and will also serve as manager of ligh 
metals programs for GMC’s newl; 
consolidated Fabricast and Centra 
Foundry Divisions. 

CARL A. KOERNER, formerly manu. 
facturing manager of GMC’s Centra 
Foundry Division, has been name 
director of sales and engineering fo! 
the newly expanded Division. 


ROBERT J. CHILLO has bee! 
named to a propulsion design grou; 
engineers’ position in charge of com: 
ponent product development, Convai 
Division of General Dynamics Corp 
Previously Chillo was an assistan 
group engineer for propulsion design 
assigned to the F-108 and F-106 pro- 
grams. 

WILLIAM W. FOX, formerly assist- 
ant chief engineer of Convair Divisior 
of General Dynamics Corp., in Sar 
Diego, has been made chief enginee! 
for the Division. Fox has also servec 
with the company as senior projeci 
engineer for the F-102 and F-106. 

F. D. APPLEGATE, past chairmar 
of the San Diego Section, has beer 
appointed to the post of senior project 
engineer for Convair Division, Genera) 
Dynamics Corp.’s, F-102 and F-106 
programs. 


ALBERT S. POLK, JR., recently af- 
filiated with the Johns Hopkins Uni- 
versity Applied Physics Laboratory ir 
Silver Spring, Md., as engineer — se- 
nior staff. Polk, a past-chairman 0! 
SAE Baltimore Section, previously was 
design specialist with The Martin Co 
of Baltimore. 
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SUMNER B. TWISS has been ap- 
pointed president of Chrysler Corp.’s 
Cycleweld Chemical Products Division 
at Trenton, Mich. The Division was 
formerly known as Cycleweld Cement 
Products, 

Twiss joined the company’s engi- 
neering division in 1946 as a project 
engineer. In 1948 he was named head 
of the physical-chemical research de- 
partment and in his most recent ca- 
pacity was assistant chief engineer — 
basic sciences. 

















E. T. WALTON has been made di- 
rector of metallurgy for the Crucible 
Steel Co. of America. He joined the 
company in 1923, held various metal- 
lurgical and inspection posts before 
his appointment of manager of cus- 
tomer technical services in 1958. 













HENRY T. WRIGHT has joined The 
Martin Co.’s Denver Division as group 
engineer, handling and transport de- 
sign. Previously he was with Chrysler 
Corp.’s Missile Division as senior en- 
gineer, design; hydro-pneumatic ve- 
hicle design group. 

















WILLIAM H. MORITZ has recently 
joined Clark Equipment Co. as de- 
signer. Formerly he was with Mack 
Trucks, Inc. as bus designer. 








WILLIAM D. NELSON is now senior 
project engineer with the Acme Steel 
Co. Previously he was with Walker 
Forge, Inc. as sales engineer. 















ROBERT H. THESING has been 
named vice-president, manufacturing, 
for Topic, Inc. Prior to joining the 
company, Thesing was manager of en- 
gineering services for Fenwal, Inc. 










FRANK L. SNYDER, formerly as- 
sistant field service manager for The 
White Motor Co.’s Field Service Di- 
vision, has joined Boss-Linco Lines, 
Inc. as director of equipment main- 
tenance. 












W. A. MeCUTCHEON has recently 
written a 4000 word article on truck 
transportation for the 1959 edition of 
the Encyclopedia Americana. Mc- 
Cutcheon’s article traces transporta- 
tion from 1600 up to modern motor ve- 
hicles. McCutcheon is automotive en- 
gineer with the U. S. Post Office De- 
partment, Bureau of Operations. 















A. W. HERRINGTON, chairman of 
the Board of Marmon-Herrington, and 
past-president of SAE, recently re- 
turned from a cruise in the Caribbean 
on his 44 ft auxiliary sloop “Ruwalla” 
- . . . Which means “wanderer” in 
Arabic. 
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DANIEL H. GREEN has retired as 
manager of automotive product de- 
velopment, National Carbon Division 
of Union Carbide Corp., after nearly 
40 years of service with the company. 
Green will continue personnel research 
and counselling activities, in which he 
has previously been engaged. His main 
work, for the past 30 years, has been 
engine coolant and antifreeze service. 

Green’s SAE activities include chair- 
manship of SAE Cooling System Main- 
tenance Committee. 


CHARLES H. SWEATT has been 
named to succeed D. H. Green as man- 
ager of automotive product develop- 
ment, National Carbon Division. 
Sweatt has been with Union Carbide 
for more than 20 years, served as tech- 
nical supervisor, laboratory, for the 
company’s Linde Co. Division, and 
most recently technical manager of 
automotive products for National Car- 
bon. 





Sweatt 
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GABRIEL C. DANCH, formerly with 
Ryan Aeronautical Co. as their Wash- 
ington representative, has become the 
Washington representative for U.S. In- 
dustrial, Inc. 


DAVID P. ALLEN has become a tech- 
nical engineer with the Flight Pro- 
pulsion Division of General Electric 
Co. Previously he was with Chance 
Vought Aircraft, Inc. as flight test 
engineer. 


DOUGLAS HUGHSON has joined 
Ford Motor Co. as supervisor of the 
gear development laboratory, trans- 
portation plant. Prior to assuming his 
new responsibilities, Hughson was with 
Curtiss-Wright Corp.’s Utica Division 
as development engineer. 


JOHN ROBERT MAIL, formerly sec- 
tion engineer, generators and regu- 
lators, for General Motors Corp.’s Del- 
co-Remy Division, has been made 
regional sales manager, Detroit, for the 
Division. 


WALTER E. CARPENTER has been 
named chief engineer of the Hudson 
Lamp Co. of Kearny, N. J. His pre- 
vious post was that of manager of 
automotive and miniature lamp com- 
mercial engineering for Westinghouse 
Electric Corp.’s Lamp Division. 

Carpenter has served on the SAE 
Lighting Committee and several of its 
subcommittees. 





EDMUND O. SCHROEDER has been 
made vice-president of engineering 
and maintenance for Northeast Air- 
lines, Inc. Formerly Schroeder was 
vice-president of maintenance for 
Seaboard and Western Airlines, Inc. 


CLIFFORD CARR, formerly chief 
engineer of William Jacks & Co. Ltd. 
of Karachi, Pakistan, has joined Hy- 
con-Page-Libya as diesel engine tech- 
nician and automotive consultant. His 
headquarters are now in Tripoli, Libya. 


DUARD B. COLYER, JR., has joined 
Curtiss-Wright Corp. as senior engi- 
neer. Previously he was with Air 
Products, Inc. as supervisor, turbine 
design. 


SANFORD HALTER has joined the 
Pacific Division of Bendix Aviation 
Corp. as their East Coast sales engi- 
neering representative. Prior to join- 
ing Bendix, Halter was with Fairchild 
Engine Division of Fairchild Engine 
and Airplane Corp. as project engineer. 


LESTER W. REINECK has been 
named chief project engineer — out- 
boards — for the Homelite Division of 
Textron Corp. Previously he was with 
West Bend Aluminum Co.’s Hartford 
Division as chief project engineer. 
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Over 100 Members Link 
SAE to Other Technical Groups 


PPROXIMATELY 115 SAE members 

serve as official Society representa- 
tives in 32 outside organizations. The 
importance of these relationships has 
been tied into a compact bundle by 
W. L. Cross, Jr., director of the Engi- 
neering Division of Connecticut’s De- 
partment of Motor Vehicles; Dr. Ar- 
thur Nutt, consultant to the Lycoming 
Division, and Don Blanchard, SAE 
staff. 


AMERICAN SOCIETY FOR TEST- 
ING MATERIALS —ASTM’s impor- 
tance to SAE is indicated by the fact 
that roughly 200 ASTM standards are 
referenced in the SAE Handbook. In 
addition, there are maiy references in 
SAE Aeronautical Standards and Aero- 
nautical Material Specifications. 

One of the strongest ties SAE has 
with ASTM is engendered by the Joint 
SAE-ASTM Committee on Automotive 
Rubber. Reports of this Committee 
are processed through our Nonmetallic 
Materials Committee for adoption as 
SAE Standards. In addition, SAE 
nonferrous metal standards are closely 
correlated with ASTM’s. In the fer- 
rous field, SAE and the American Iron 
and Steel Institute handle standards 
for construction steels since ASTM is 
not active in this area. 


AMERICAN STANDARDS ASSOCI- 
ATION — This is a federation of na- 
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tional standardizing bodies. The ASA 
itself has a judical function to see that 
an American Standard meets the ASA 
definition of being a consensus of those 
substantially concerned. This is usu- 
ally accomplished by the formation of 
a sectional committee made up of rep- 
resentatives of the concerned stand- 
ardizing organizations. ASA is the of- 
ficial member for the U. S. in the In- 
ternational Standards Organization. 

INTERNATIONAL COMMISSION 
ON ILLUMINATION — The U. S. par- 
ticipates in this organization through 
the U. S. National Committee. The ex- 
penses of this Committee are small and 
for ten years or more SAE has contrib- 
uted $250 annually to its support. 

Among the subcommittees which are 
important to SAE is the Subcommit- 
tee on Motor Vehicle Lighting which 
ties in with international work on lamp 
standards through the ISO. In addi- 
tion, the Signal Color Subcommittee is 
currently developing international 
standards for signal and marker lamps 
used by air, rail, and road transport 
equipment. 

NATIONAL COMMITTEE ON UNI- 
FORM TRAFFIC LAWS AND ORDI- 
NANCES — As a committee which op- 
erates under President Eisenhower’s 
Committee for Highway Safety, this 
group strongly influences uniformity in 
state motor vehicle laws. 





Chairmanship of the Diesel Fuels Subcommittee 
of the Fuels and Lubricants Technical Commit- 
tee has been turned over to W. G. Ainsley, Sin- 
clair Research Labs. (second from left), by 
Past Chairman G. C. Wilson, Ethyl Corp. (left). 
Shown with Wilson and Ainsley at a Subcom- 
mittee luncheon during Summer Meeting in 
Atlantic City are (from left to right): B. W. 
Geddes, Esso Research and Engrg. Co.; J. W. 
Vollentine, jr., Caterpillar Tractor Co.; and 
G. K. Brower, International Harvester Co. 


From the motor vehicle standpoint, 
the Committee’s most important sub- 
committees are on brakes and lights. 
SAE makes available one of its staff 
members to serve as secretary of these 
two groups. 


U. S. BUREAU OF PUBLIC ROADS 
— As an agency which administers the 
large sums allocated in federal aid for 
state highways, this group appropriates 
a small percentage for research. Some 
of this money has been used for vehicle 
brake research which has resulted in 
providing a basis for current legal 
minimum brake performance require- 
ments. 

In connection with this, the Bureau 
organized an advisory committee con- 
sisting of representatives of those 
groups interested in brake performance 
requirements. In the past, an SAE 
member has served as chairman of this 
committee and another member as sec- 
retary. Braking problems of combina- 
tions are currently under study. 


COORDINATING RESEARCH 
COUNCIL — The CRC is a research 
organization which has two sustaining 
members — the API and SAE. Its co- 
operative work is conducted by individ- 
ual company laboratories for the auto- 
motive, aviation, diesel, and petroleum 
industries in addition to government 
agencies. 

CRC does not issue specifications or 
standards, although the research data 
often has led to specifications or stand- 
ards which are promulgated by appro- 
priate organizations such as SAE or 
ASTM. 
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Elastomers Still 
Hold TCAR Attention 


AUTOMOTIVE SPONGE —A com- 
plete reorganization of all cellular 
elastomers as they appear in SAE 10R 
and ASTM D-735 is in the offing. Ata 
recent meeting of the SAE-ASTM 
Technical Committee on Automotive 
Rubber, members agreed that the 
three types of foam and sponge, 
namely rubber, vinyl, and urethane, 
should not be lumped together in any 
nomenclature system. Nor should they 
be tested by the same methods. 


MASTER ELASTOMER TABLE — 
220 grades of rubber needed by the De- 
partment of Defense are being incor- 
porated into the new master rubber 
specification which combines both the 
SAE 10R and ASTM D-735 require- 
ments. 


STRESS RELAXATION OF ELAS- 
TOMERIC COMPOUNDS — Selection 
or development of test methods for de- 
termining stress relaxation of elasto- 
mer compounds plus the assignment of 
values for incorporation in ASTM D- 
735 tables form the scope of a new 
TCAR subsection. Under the chair- 
manship of Dr. Philip Weiss, GMC’s 
Research Laboratories, the effects of 
time and temperature on stress relaxa- 
tion will be investigated. 


COMPRESSION SET—TCAR 
members approved a reduction in the 
time requirement for the elastomer 
compound compression set test. It is 
now 22 hours as compared to the previ- 
ous 70 hours. In doing so, they pointed 
out that the new specification format 
would enable any consumer to specify 
a 70 hour test, if so desired, by means 
of a suffix number. 


apt BRA te 


The hottest topic among Fuels and Lubricants Technical Committee personnel concerns five pro- 
posed recommended practices affecting central hydraulic fluids. One proposal is an actual fluid 
specification, the other four performance tests. At a recent luncheon attended by Executive Com- 
mittee members and subcommittee chairmen are (from left): EC Member Lloyd Withrow, GMC: 
Transmission and Axle Lubricants Subcommittee Chairman W. A. Wright, Sun Oil Co.; EC Member 
F. |. Lawrence, Kendall Refining Co.; the Committee’s new Technical Board Sponsor, J. C. Moxey, 
Jr., Sun Oil Co.; and FLTC Chairman C. M. Heinen, Chrysler Corp. 


Seat Belts for Tots 
Object of SAE Study 


HE POSSIBILITY of developing per- 

formance requirements for children’s 
restraining devices for use in motor 
vehicles is being studied by a new sub- 
committee of SAE’s Motor Vehicle Seat 
Belt Committee. Decision to create 
the group came at a June meeting in 
Detroit, reports Committee Chairman 
Roy Haeusler, Chrysler Corp. 

The basic premise of a discussion at 
the meeting was: Lap-type belts now 
used by adults do not offer sufficient 
construction for the average small 
child. The fact that, in comparison to 
adults, a child is “top heavy” was 


Broadening industry participation in SAE’s Transmission Committee caused membership to triple its 


size in the last 18 months. 


At a luncheon held during Summer Meeting are (starting with profile 


on left and going clockwise): R. W. Wolfe, Chrysler Corp.; Chairman M. M. Schall, Dana Corp.; 

R. P. Lewis, Dana Corp.; R. E. Kaufman, GMC Chevrolet Motor Division; W. F. Leonard, Clark 

— Co.; L. E. Manning, GMC Truck and Coach Division; and Ernest Eaton, Clark Equipment 
0. ‘ 
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brought out by Col. J. P. Stapp, 
Wright-Patterson Air Force Base. As 
a result, more weight is located in the 
upper part of a child’s body. 

R. H. Fredricks, Ford Motor Co., 
discussed a vest-type harness which 
Ford favors (for use with children) 
over a lap-type belt. Under crash con- 
ditions, this device distributes the load 
over as large an area of a child’s body 
as possible, cutting pressure p.s.i. to a 
minimum. 

R. J. Neff, Phoenix Trimming Co., 
will serve as Subcommittee chairman. 
Members include: J. O. Moore, Auto- 
motive Crash Injury Research Labs.; 
M. D. Segal, National Safety Council; 
and Col. Stapp. 


Technishorts . . . 


RUSSELL CANDEE is the new chair- 
man of the Tractor Test; Code Subcom- 
mittee. He succeeds Raymon Bowers 
who has served as chairman since 1957. 
At John Deere Waterloo Tractor 
Works, Mr. Candee heads the Develop- 
ment Department. 


METALLIC SEALS — Since a definite 
need exists for more information on 
metallic seals, especially in the cryo- 
genics area, the Aero-Space Committee 
recently asked Committee AE-1, Joint 
Aircraft Engine and Accessory Instal- 
lations, to study the subject. 


FOREST C. HILE, Wagner Electric 
Brake and Clutch Co., is the new chair- 
man of the Brake Committee’s Nomen- 
clature Subcommittee. The group was 
recently reactivated to maintain more 
uniform terminology. 
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Technical Board Streamlines Structure To 


1959 Technica] Board Chairman RALPH H. ISBRANDT takes pleas- 
ure in announcing the appointment of four chairmen for the Board’s 
newly created Councils. For some time now, C. L. Sadler, M. L. Frey, 
M. J. Kittler, and G. J. Huebner, Jr. have been active in furthering the 
objectives of SAE technical committees. They assume their new posts 
with an intimate knowledge of problems which confront the particular 
industries with which they are associated. 


GEORGE J. HUEBNER, JR. will act as chairman of the Automotive 
Council. He is currently a Technical Board member, president of the 
Board of Directors of the Coordinating Research Council, and a mem- 
ber of both the Passenger Car Activity Committee and the Technical 
Board’s Publication Policy Committee. Huebner recently completed a 
term as SAE representative to the National Research Council, Division 
of Engineering and Industrial Research, National Academy of Sci- 
ence. He is now the executive engineer in charge of Chrysler’s Re- 
search Section. 


MILTON J. KITTLER is chairman of the General Standards Council. 
He assumes this new SAE post after serving on the Technical Board 
since 1957. A former chairman of the Detroit Section and currently 
its representative to the National Sections Committee, Kittler has 
presented several papers at SAE meetings. Much of his industry ac- 
tivity has focused on the design and development of aircraft carbure- 
tors. He is now executive vice president at Holley Carburetor Co. 


CARL L. SADLER will serve as chairman of the Aero-Space Council. 
From 1952 until the Board reorganization, he served as chairman of 
what was the SAE Accessory and Equipment Division. As a former 
Technical Board and Aero-Space Committee member, Sadler has par- 
ticipated in SAE relations with the Aero-Space Industries Association 
and with industry at large. 

Sadler is vice president and general manager of the Sundstrand 
Aviation Division. 


MUIR L, FREY will head the General Materials Council. Chairman 
of the Board’s Publication Policy Committee and a member of the 
Iron and Steel Technical Committee’s Executive Committee, Frey was 
1957 SAE Vice President for Engineering Materials. He joined the 
Technical Board last year and served on the 1958 Meetings Commit- 
tee. 
He is currently a member of the staff of the vice president for 
manufacturing, Tractor Group, Allis-Chalmers Mfg. Co. 
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their powerplants, drives, and controls: 
also marine engines and related sub- 
jects. 

General Standards Council — All 
ground vehicle technical committees 
concerned with standard components, 
parts, fittings, processes, and the like. 

Aero-Space Council— All technical 
committees concerned with aircraft 
and rockets including related material 
specifications. 

General Materials Council— All 
technical committees concerned with 
ferrous metals, nonferrous metals, 
nonmetallic materials, lubricants, and 
other basic materials used in ground 

EDISTRIBUTION of the Technical Board’s growing work load was accom- yehicles. 

plished when SAE Council approved the Board’s proposed reorganization. The 
new structure, which was endorsed at Council’s June meeting, will permit greater Basic Objectives Remain 


Ce ee According to the Technical Board 

(1) Expediting the handling of reports which emanate from over 35 commit- Chairman R. H. Isbrandt, the basic 
tees. This was done by creating four new Councils of the Board and assigning objectives of the Technical Board will 
to them appropriate existing technical committees. Each Council will be re- remain the same. Board, Council, and 


Handle Growing Work Load 


SAE JOURNAL 


sponsible for guiding the work of the 
groups under it, in addition to approv- 
ing their reports. 

(2) Allowing the Technical Board to 
function as an effective policy-making 
group ... that is, affording the Board 
more time to consider: 


(a) SAE’s existing and potential 
service to industry. 

(b) Important SAE relationships 
with other technical groups such as the 
American Standards Association, Co- 
ordinating Research Council, Automo- 
bile Manufacturers Association, Aero- 
Space Industries Association, and 
others. 


Other advantages of the new Council 
system are: 


. .. Council members will be approv- 
ing technical reports on subjects which 
lie within their specific spheres of 


of Appreciation Committee 
General Standards Council Aero-Space Council General Materials Council 


knowledge and experience. 

. . . Only seven groups will report 
directly to the technical Board, the 
four Councils of the Board and the 
three permanent special assignment 
committees (Certicates of Appreciation 
Committee, Guideposts Committee, and 
Publication Policy Committee). Thus, 
the Board will be released from the 
burden of reviewing scores of indi- 
vidual recommendations each month 
as in the past. 


Existing SAE technical committees 
have been assigned to appropriate 
Councils on the following basis: 


Automotive Council— All technical 
committees concerned with automo- 
biles, trucks and other highway ve- 
hicles, off-highway vehicles, construc- 
tion and industrial machinery, and 


SAE Technical Board 


Technical Committee 
ideposts Committee 


committee members will continue to 
act as individual experts ... not as 
representatives of their company or 
employer. Technical recommenda- 
tions or standards approved by the 
Councils will continue to be made 
available to industry for voluntary use. 
In other words, the Board will continue 
to administrate the Society’s technical 
arm for industry, and its many pro- 
grams to assist governmental agencies 
will continue to flourish. 


3-Year Board Terms Retained 


The three-year term for Technical 
Board members remains the same. 
Council chairmenships have been 
limited to a maximum three-year term. 
Council chairmen are to be nominated 
by the Council itself, subject to Board 
approval. At least three Board mem- 
bers will serve on each Council. 


Publication Policy 
Committee 


All technical commit- 
tees concerned with 
automobiles, trucks and 
other highway vehicles, 
off-highway vehicles, 
construction and indus- 
try machinery, and their 
powerplants, drives, and 
controls. Also marine 
engines and related 
subjects 
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All ground vehicle 
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concerned with stand- 
ard components, parts, 
fittings, processes, and 
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All technical commit- 
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All technical commit- 
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Continued from page 80 
to contend with — and the problem of 
making oil change periods coincide 
with other maintenance operations. 
One operator, using the laboratory 
analysis method for determining drain 
periods found two changes a year to be 
the need. But since the total cost 
seemed too high, he abandoned anal- 
ysis, shifted to three changes a year, 
and reduced his per mile cost from 
0.33¢ to 0.05¢. 


Car Makers Do Better 


There is now an _ industry-wide 
agreement on the practical initial dump 
at 1000 miles. Many makers set 5000 
miles for the normal drain period and 
have abandoned intermediate mileages 
for draining, based on the owners’ 
judgment of driving severity (Fig. 1). 

Coupling a time period to the normal 
drain mileage represents a step for- 
ward. Three months and limiting 
mileage seems sound by fleet experi- 
ence except in the north in winter. 
Whether a manufacturer can ever sell 
the average owner on making three or 
four average annual drainings during 
the winter months with the remain- 
ing change centered in the seven mod- 
erate months, is a real question. 

Coupling filter cartridge changes 
with oil changes is another move in the 





right direction. It seems hard to be- 
lieve, according to one automotive con- 
sultant, that any lubricants engineer 
would ever agree to installing clean oil 
on top of a dirty filter cartridge. 

It’s going to be a tremendous year- 
by-year job to specify oil change peri- 
ods which are realistically safe and 
economical as engine designs change 
and engine oils improve in useful qual- 
ity. 


THIS ARTICLE is based on the fol- 
lowing papers: 


“Oil Drain Periods” (Paper No. 
S165) by HENRY JENNINGS, Anthony 


CONTROLS ENGINEERS 


Marquardt’s Controls and Accessories Division has estab- 
lished a position of leadership in the field of power system 
controls. Developing controls with high reliability; fast, 
precision response and extreme environmental capabili- 
ties provides challenge to creative engineers. If you have 
appropriate education and experience, investigate these 


job opportunities. 


CONTROLS DESIGN— To create components for pneumatic and 
hydraulic control systems. Work ranges from simple piston 


actuators to complex speed 
for high oe fast re 
t weight. 


conditions and lig 
chine design an 
analysis. 


computing devices. All designed 
sponse, extreme environmental 


hould be experienced in ma- 


have an understanding of basic design 


CONTROLS ANALYSIS — To investigate aircraft and missile con- 
trol problems through the application of analysis methods 


in mechanics and dynamic 
flow, and servomechanisms. 


creative engineering. 


CONTROLS DEVELOPMENT— Op 


controls components. Must 


Ss, heat transfer, compressible 


Position offers opportunity for 


ortunity to create workable 
ave a “feel” for hardware and 


desire to undertake broad engineering responsibility. Oppor- 


tunity to solve “on-the-spo 


t” engineering problems utilizing 


pneumatic and hydraulic control analysis techniques. 
For additional information, please write: 


Mr. Floyd E. Hargiss, Manager 
Professional Personnel, Dept. i-3 
Marquardt Corporation 

16555 Satieny Street 

Van Nuys, California 


A orguardt 


CORPORATION 
Van Nuys & Pomona, California— Ogden, Utah 


Subsidiary: Cooper Development Corp., Monrovia, Calif 





Fig. 1—Passenger-car 
manufacturers’ recom- 
mended oil change periods 
for 12 car makes in 1959. 
Coupling time with mileage 
is a step forward. 


B. Cassedy & Associates. 

“An Oil Marketer Looks at Crank- 
case Oil Drain Periods” (Paper No. 
S166) by J. W. LANE, Socony Mobil 
Oil Co., Inc. 

“Crankcase Oil Drain Periods from 
the General Public Viewpoint” (Paper 
No. S167) by J. ©. SIBLEY, U. S. 
Fidelity & Guaranty Co. 

“An Interpretation of the Philosophy 
of the Passenger-Car Manufacturers’ 
Recommendations for Changing Lubri- 
cating Oil” (Paper No. S168) by 
FREDERICK K. GLYNN, Automotive 


Consultant. 


To Order Papers Nos. S165, 6, 7, or 8 
on which this article is based, see p. 6 


Even the Sky 
Has Its Cowboys 


Based on talk by 
LEE RENSHAW 


California Aviation Service, Inc 


(Presented before SAE Northern 
California Section) 


F young people could be taught to stop 

showing off and stop trying to fly in 
bad weather we could eliminate nearly 
all of the fatal accidents in private fly- 
ing. Private airplanes are as safe as 
the pilot. ‘ 

Less than 1% of fatal accidents are 
caused by engine failure, yet most of 
these could be eliminated if pilots re- 
membered to keep an adequate fuel re- 
serve, and engines were well main- 
tained. One-third of all fatal accidents 
are caused by weather, that is, pilots 
let weather get them into trouble. 
Pilots can make any one of three mis- 
takes: they push through bad weather 
because they are close to their destina- 
tion; they fly through a cloud layer to 
get out of a local condition, or they 
fail to turn around soon enough. The 
rule is: if you can see you can fly, but 
don’t fly when you can’t see — turn 
around or land. 

The balance of fatal accidents can be 
attributed to young people. Young 
men like to demonstrate their flying 


Continued on page 110 
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FREE! 


New Thrust Washer 
Design Guide 


PRECISION THRUST WASHERS 


Variety in design and material 
Uniformity in quality and performance 


ht to stop 


the press! | 

A helpful 

design 

guide, com- 

piled by our 

engineering department. 
Write for your free copy — 
today! 


In solid bronze, or steel faced with lead or tin-base babbitt, or sintered copper- 
alloy or bronze on one or both faces. They are cold rolled for heavy-duty opera- 
tion. Flat, spherical or special shapes, with coined oil grooves, ball indentations 
on one or both sides, holes, nibs, lugs or scallops. Up to 5”0.D. Extensive 
manufacturing facilities. Quality control. Complete engineering service. 


cctin | FEDERAL-MOGUL DIVISION 


d layer to 
, or they 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11035 SHOEMAKER, DETROIT 13, MICHIGAN 


a ee 


Copper-Alloy P of Aluminum or 
Lined a ; Babbitt Lined 
Bearings y r Bearings 


eir flying 
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Continued from page 108 
ability to their wives, girl friends, or 
other young people, and they end up by 
exceeding their capacities or the lim- 
itations of the airplane. They suffer 
the same affliction that attacks young 
automobile drivers. 

Company-owned and professionally 
piloted airplanes have a better fatality 
record than the scheduled airlines per 
miles flown. And the scheduled air- 
lines, in turn, have a far better fatality 
record than automobiles on the high- 
way. 








CRC Links Engine Variables with 
Hydrocarbons and Oxides of Nitrogen 


FFECTS of engine variables on the 

concentrations of two automotive 
exhaust gas components, hydrocarbons 
and oxides of nitrogen, are revealed in 
CRC Report No. 324, “A Progress Re- 
port on the Effects of Engine Operat- 
ing Variables on the Composition of 
Automotive Exhaust Gases.” 

Also included is a cross comparison 


AUTOPULSE 


ELECTRIC 
FUEL PUMPS 


Hundreds of thousands of gasoline powered 
vehicles have been Autopulse-equipped at the 
owners’ own expense. They spent their money 
just to get the greater dependability and 
reliability provided by the Autopulse electric 


fuel pump. 


Positive starting at any temperature 
elimination of vapor lock .. . 
. these are three of the reasons why 
users switched to Autopulse. 


altitude . . 


Why 


equipment? 


Electric 


AUTOPULSE oivision 


WALBRO CORPORATION 
Cass City, Michigan 


A 30-YEAR 
RECORD OF 
DEPENDABILITY 


not consider Autopulse as standard 





efficiency at any 








of the idle and cruise hydrocarbon 
concentrations from the 1956 CRC ex- 
haust gas field survey with individual 
laboratory results and general com- 
parisons of oxides of nitrogen concen- 
trations as reported by participating 
laboratories and the Field Survey Panel 
of the Group on Composition of Ex- 
haust Gases of the Coordinating Re- 
search Council. 

Tests for the two constituents were 
not run concurrently, and therefore, 
are reported in separate sections. The 
first covers hydrocarbon concentra- 
tions, the second, oxides of nitrogen. 
Because the sampling and analysis 
techniques used in this study were 
continuously improved during develop- 
ment of the results, the hydrocarbon 
values are not always consistent or 
quantitative. When considered as 
relative values, however, they are indi- 
cative of specific trends. 

Factors which tend to affect hydro- 
carbon concentrations in exhaust gas 
to the greatest extent are manifold 
vacuum and engine detuning (malad- 
justment and/or poor mechanical con- 
dition). 

High manifold vacuum (above ap- 
proximately 21.5 in. of mercury abso- 
lute) accounts for high concentrations 
of hydrocarbons during deceleration. 
This effect is accentuated by high 
speeds at the start of deceleration, and 
by manual transmissions as compared 
to automatic. transmissions. Enriched 
carburetor idle setting also increases 
the hydrocarbon emission during de- 
celeration. 

Accelerating and cruising conditions 
at various engine speeds produce simi- 
lar hydrocarbon concentrations, gen- 
erally in the range of one to 5% of the 
supplied fuel, with the hydrocarbon 
concentrations tending to decrease 
with increasing engine speed. En- 
riched carburetor idle settings increase 
hydrocarbon emission during cruise up 
to about 30 mph. 

The idle air-fuel ratio as determined 
by carburetor setting affects hydro- 
carbon concentration during idle as 
well as during deceleration. Devia- 
tion in either direction from manufac- 
turers’ specifications generally in- 
creases hydrocarbon concentrations, 
although the air-fuel ratio which pro- 
duces minimum hydrocarbon concen- 
trations at idle may vary with different 
engine makes. Lower concentrations 
of hydrocarbons are exhausted after a 
car is warmed up. 

Spark-plug condition is of great im- 
portance. One misfiring plug may 
more than double the average hydro- 
carbon concentration. A deposit 
fouled spark-plug set can increase the 
rate of hydrocarbon emission during a 


Continued on page 112 
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Cantilever suspension ala 
Mather... about 200 B.C. 


It’s pretty sneaky of us to infer that Mather was 
in business during Hannibal's day . . . we're 
not quite that old. 


We're pioneers in suspension, though, and feel 
as old as Methuselah (experience-wise). 


Maybe this and our research, design and 
manufacturing facilities can be helpful to you. 
We're “ready and willing, so just let us know”. 


MATHER 


THE MATHER SPRING COMPANY 
TOLEDO, OHIO 











ver allow sliding speeds 


5 times greater than 


es other dry bearings 


DU’s excellent thermal conductivity 
dissipates heat generated through 
fi sliding friction. Under low load con- 
ditions, for instance, applications for 
DU are on record up to 50,000 rpm. 


Ideal on high load, low speed combina- 
tions, too. DU eliminates slip-stick 
where coefficient of friction is as low 
as .04. DU is a patented composite 
materia! consisting of a steel-porous- 
bronze interlayer impregnated with 
a lead-filled TFE* fluorocarbon resin. 
It supports loads to 51,000 p.s.i. 
. . . withstands temperatures from 
—328°F to +536°F. 


Apply DU to appliances, automo- 
biles, aircraft, machinery, office 
equipment. Standard bushings and 
thrust washers stocked for 3%” to 2” 
shafts; strip available for special 
fabrication. Find out more from your 
bearing manufacturer, or write for 
engineering Catalog DU-458. 





SPECIAL PRODUCTS DEPT. 
UNITED STATES GASKET COMPANY, 
Camden 1, New Jersey 


*Teflon, DuPont Trademark 
Fluon, I.C.1, Trademark 


THE GARLOCK PACKING COMPANY 


Palmyra, N.Y. 


nited 
tates | 
asket Ptastic: Duision of 
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Continued from page 110 
wide open throttle acceleration mort 
than two and one-half times. 

In general, the average hydrocarbor 
concentrations for cruise and idle a: 
reported in a previous CRC study aré 
higher than the average levels of hy: 
drocarbon concentrations herein re. 
ported. Further studies are in prog: 
ress to resolve these differences. 

Among variables which affect oxide: 
of nitrogen, air-fuel ratio is of primary 
importance. Lean mixtures promot 
the formation of oxides of nitroger 
and increase the relative effects o! 
other engine variables. Under ful 
throttle, rich-mixture conditions, con- 
centrations of oxides of nitrogen ars 
relatively low. Under part throttk 
conditions, however, mixtures are suffi- 
ciently lean to permit varying degree: 
of importance to be attached to igni- 
tion timing advance, manifold pressure 
increase, and compression ratio in.- 
crease, all of which promote oxides 0: 
nitrogen formation. 


To Order CRC 324... 
on which this article is based, see p. 6 


Low-Flying Atom Plane 
May Be Our Winning Play 


| Based on paper by 


M. C. LEVERETT 


Aircraft Nuclear Propulsion Department, Gen: 
eral Electric Co. 


(Presented before SAE Metropolitan Section) 


HE low-fiying nuclear plane capable 
of operating for long distances maj 
well become our winning play in ou 
battle of resources with Russia. Thi: 
reckoning is based on estimates show- 
ing that, if Russia were to attempt 
to protect its perimeter by a system 
of detection and defense centers, suf- 
ficiently closely spaced to deal with 
low-fiying planes, the cost would be 
several times that of the cost to the 
United States of developing and op- 
erating a similar protection system. 
It mav ve of interest to review briefl; 
whv it is so difficult—and costly — 
+o guard agiinst low-level attack. ~ 
The varios devices by which de- 
fenders hope to detect an attacking 
aircraft or missile must have unob- 
structed line of sight to the aircraft 
or missile; that is, there must be nc 
massive, solid, interfering objects be- 
tween the detector and the object 
being detected. Thus, an object ai 
100,000-ft altitude can be seen by a 
sufficiently sensitive detector at a dis- 
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CAR THEFT 


FOILED 


Locked-in ignition wires will dis- 
courage almost any car thief. And 
that’s what Packard’s new lock-on 
ignition switch connector does— 
locks wires in tight! This extra pro- 
tection from theft is achieved by a 
slight, but ingenious, modification 
in the design of the plastic con- 
nector. There is no increase in the 
cost of the part. 


Lock-on connectors are but one 
example of the added value and 
benefit designed and built into 
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every Packard product by the 
world’s largest manufacturer of 
automotive wiring systems. The 
specialized knowledge of Packard 
Electric engineers and Packard’s 
outstanding production know-how 
and facilities can give you what you 
want, when you want it. And one- 
source service saves on accounting, 
inventory, paper work. Packard 
Electric sales and engineering offices 
are located in Detroit, Chicago, and 
Oakland, California. 


Easily removed ignition switch connectors 


now replaced by Packard lock-on connector! 


Packard Ca 
Warren, Ohio 


“Live Wire’ division of General Motors 











WULTEE [IE PITA Powen by rest 


Proved best at high speeds{ In long distance driv- 
ing tests over hot, abrasive pavement, at speeds up to 
128 miles per hour, TYREX viscose tire cord averaged 
26% more tread mileage than nylon—showed 77% less 
body growth—and 60% less tread chunkout. 


Proved best for impact resistance In test runs 
over one of Nevada’s toughest roads, nylon cord tires and 
tires made with TYREX viscose tire cord slammed into 
rock outcroppings at speeds up to 45 mph. Result: tires 
with TYREX viscose cord sustained up to 60% fewer 
bruise breaks! 


Proved best for city driving| Tested on New York 
City taxi fleets, in 16 million miles of rough and tumble 
midtown driving, tires made with TYREX viscose cord 
averaged 11% more mileage on their original treads than 
nylon. 96% proved suitable for recapping, and many are 
now running on their third recap. 


Proved best for truckst On trucks gradually over- 
loaded from 20-to-40-to-50% above Tire and Rim stand- 
ards ...on a long haul totaling 30,000 miles over a torrid 
Texas road (139° in places), 10 ply tires of TYREX 
viscose cord showed 21.7% better tread wear than 12 ply 
tires made with nylon—and were recappable. Also tires 
with TYREX viscose cord ran 10% cooler than the 
nylon with negligible growth (tires with nylon grew up 
to 41.5% more!). 


Proved best tire cord of all for strength, stability, 
longer wear. Others can say what they will. But proof 
of premium quality belongs to TYREX viscose tire cord. 
In hundreds of torturous laboratory and field tests made 
with other tire cords, TYREX viscose cord has con- 
sistently and conclusively won out as the toughest and 
safest of all—with the full tire power needed for today’s 
more powerful cars. And remember this: all new cars 
come factory equipped with tires containing TYREX 
viscose cord. 

t In tests conducted by independent testing companies. 


Meet today’s demand for more tire power with TYREX viscose tire cord—the 
toughest tire cord ever made—as proven by test. Tires containing this superior 
new cord run cooler, smoother, quieter—/onger, and safer —without flat spotting. 


TYREX INC., EMPIRE STATE BLDG., NEW YORK 1, N.Y. 


*TY REX is a certification mark of Tyrex Inc., for viscose tire yarn and cord. TY REX viscose tire cord and yarn are also produced and available in Canada. 
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Continued from page 112 
tance of nearly 400 miles. At greater 
distances, the curve of the earth ob- 
structs the view of the detector. 

If, however, the object is at a 200- 
ft height, the distance at which it can 
be seen is less than 8 miles, and if at 
100-ft-height, less than 4 miles. The 
object at 100-ft altitude would be in 
sight for slightly less than 8 miles of 
its travel if it passed directly over 
the detector. If it were moving at 
the speed of sound, the detector would 
be able to view the object not more 
than 36 sec. This 36-sec interval is 
the total time in which any defensive 
action would have been taken. If the 
object passed slightly to one side of 
the detector, less than 36 sec would 
be available. Of course, if the object 
passed more than 4 miles from the 
detector, it would not be seen at all. 

For comparison, an object flying 
at 100,000 ft at the speed of sound 
would be in sight of the detector for 
a little over an hour. To escape being 
sighted entirely, it would have to fly 
by at a distance of 400 miles or more 
from the detector. 

These numbers make clear the diffi- 
culties involved in detecting aircraft 
flying at even moderately high speeds 
at low altitudes. Moreover, the de- 
tection of low-flying aircraft from 
above, using equipment stationed in 
other aircraft, is not easy because of 
the confusion produced by ground 
clutter. The pilot of a nuclear-pow- 
ered aircraft could approach his target 
at low altitude with relative certainty 
of not being detected. Having made 
his strike, or reconnaissance, he could 
then depart in any desired. direction 
from the target and by continuing to 
fly at low altitude, could tremendously 
improve his chances of safe return. 

Low-altitude flight decreases vul- 
nerability to nuclear bomb bursts also. 
The radiation from a nuclear bomb 
burst is attenuated by the atmosphere. 
(Five miles of sea level standard at- 
mosphere has the same gamma-ray 
shielding effect as about 14 ft of con- 
crete, but five miles of standard at- 
mosphere of 100,000-ft altitude has 
the shielding effect of only about 2% 
in. of concrete.) If, therefore, an air- 
craft is flying high, where the atmos- 
phere is thin, a nuclear bomb burst 
at even a relatively large distance may 
incapacitate the crew by radiation ef- 
fect. At lower altitude, the attenua- 
tion due to the atmosphere decreases 
the effective radius of the radiation 
from the bomb. Parenthetically, the 
crew shield of the nuclear aircraft 
helps here, too, since it offers further 
protection against bomb-burst radia- 
tion. In principle, a chemical aircraft 
also could carry a crew shield, of 
course, but at still further loss of 
range since its useful fuel load would 
have to be reduced further still by the 
weight of the crew shield. 


To Order Paper No. S191... 
on which this article is based, see p.6. 
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New Data on Ignition 





Delay Bomb Issued by CRC 


XPERIMENTAL data on autoigni- 

tion phenomena with diesel-type 
fuels is contained in CRC 332, “Com- 
bustion Characteristics — Ignition De- 
lay Bomb Supplementary and Final 
Progress Report”. Although conclu- 
sions are not firmly drawn, the study 
of benezene and cyclopentane, as re- 
corded in this report, does establish 
that what was once considered wild 
ignition delay data may be character- 
istic of the fuel. 

After gathering data on cyclopen- 
tane with fuel-air ratio varied from 
0.01 to 0.07, CRC’s Diesel Bomb Ad- 
visory Group and the Bureau of Mines 
concluded that changing the fuel-air 
ratio markedly altered ignition delay 
values in the temperature range where 
reversal of the temperature-delay 
curve indicates a change in the auto- 
ignition process. 

Also defined are minimum pressures 
required for autoignition (as deter- 
mined as a function of temperature) 
for dicyclohexy! and n-heptane for one 
fuel-air ratio. The curve for dicylo- 
hexyl shows a consistent decreasing or 





constant minimum pressure with in- 
crease of temperature, whereas the 
data for n-heptane shows that between 
625 F and 800 F the minimum pressure 
for autoignition increases with an in- 
crease in temperature. 

Ignition delay data were obtained 
for the ASTM primary and secondary 
diesel reference fuels, and for inter- 
mediate cetane number blends of each 
pair. Results have been expressed as 
curves that show ignition delay as a 
function of cetane number for several 
bomb test temperatures. 

Sixteen different (although not in- 
dependent) methods were used to cor- 
relate bomb delay values for 17 fuels 
with engine cetane number of the 
fuels. With each of the 16 methods 
of correlation, the deviation of indi- 
vidual results from a line of reasonable 
correlation averaged about +2 cetane 
numbers. Correlations with primary 
and with secondary fuel data are 
equally good. 


To Order CRC 332... 


on which this article is based, see p. 6. 





AT NO COST TO YOU—from Ainsworth-Precision 





A-P’s complete facilities for die-casting, stamping, precision 
parts machining, metal forming, welding, plastic molding, 
and assembly eliminate multiple profits and overhead 
charges. It centralizes responsibility in ONE place. Further- 
more, A-P has SEVEN PLANTS to serve you—strategically 
located in Michigan, Ohio, New York, Tennessee, and 
Illinois—to speed delivery and cut your shipping costs. Send 
part print for quote, or write for facilities brochure. 


AINSWORTH-PRECISION Gaiwi( 


DIVISION OF HARSCO CORP. General Offices: 3214 GUARDIAN BLDG. DETROIT 26, MICH. 
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MECHANICS Roller Bearing UNIVERSAL JOINTS for Trucks 
are specially designed with less parts and connections for 
easy assembly and servicing — smooth running balance — 
maximum strength with less weight — and long, trouble- 
free, safe operation. 





MECHANICS Truck Type JOINTS are assembled by attaching 
joint C to brake flange A independent of fastening between 
drum B and flange A; making possible servicing drum or joint, 
without disturbing other attachments or altering original 
brake drum or propeller shaft balance. Let MECHANICS en- 
gineers help give your trucks or other heavy duty machines 
these competitive advantages. 


MECHANICS UNIVERSAL JOINT DIVISION 


Borg-Warner * 2022 Harrison Ave., Rockford, Ill. 
Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 


a 
aye 


UNIVERSAL JOINTS 


For Cars + Trucks + Tractors + Farm implements « Road Machinery «+ 


Aircroft « Tanks + Busses and Industrial Equipment 
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Continued from page 6 


if design controls maximum size of 
openings with respect to volume. 


Positive-Displacement Motors for 
A.P.U. Power Requirements, F. KLE- 
MACH. Paper No. 53R. Use of motor 
driven by hot gases from propellant 
charge for auxiliary power units in de- 
sign of high performance aircraft, mis- 
siles, and space vehicles; motor is capa- 
ble of providing from 1-50 hp and con- 
sists of electrically ignited hot gas gen- 
erator and modified axial piston hy- 
draulic motor; construction and opera- 
tion of Vickers-type axial-piston motor 
which contains nine pistons; develop- 
ment testing; thermodynamic analysis. 


Modern Gas Turbine Auxiliary 
Powerplant — Characteristics and Ap- 
plications, P. G. STEIN. Paper No. 
53S. Current state of art of auxiliary 
power units, their characteristics, and 
applications; examination of various 
power requirements not directly related 
to main propulsion of aircraft, i.e., elec- 
tric, hydraulic, and pneumatic de- 
mands prior, during, and after flight; 
use of pneumatic auxiliary power gen- 
eration as integrated system to meet 
engine starting requirements, inflight 
power demands, and compressed air 
for pressurization, etc. 


Properties of Silicone Rubber for 
High Temperature Static Seals, H. E. 
TODD, J. F. MIAZGA, Paper No. 50V. 
Studies undertaken at Pratt & Whitney 
Aircraft Div. to determine functional 
properties of silicone rubber seals in 
aircraft engines, with respect to behav- 
ior and environmental temperature; 
considerable degre of correlation ob- 
tained between composition and per- 
formance of these materials; pertinent 
relationships are presented; property 
studies covered are those of compres- 
sion set, compression deflection and 
polymer reversion. 


Designing for Use of Viton “O” Rings 
at Elevated Temperatures, F. H. POL- 
LARD. Paper No. 50R. Use of duPont 
Viton A. vinylidene fluoride hexafiu- 
oropropylene copolymer, as material 
for forming molded O-rings for seals 
in hydraulic cylinders and other com- 
ponents of supersonic aircraft; its 
characteristics, thermal capabilities 
and design criteria for its utilization; 
usable thermal range of Viton is as- 
sessed for minus 65 to plus 600 F. 


High Temperature Sealing Studies 
Continued 
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They “go easy” on 
commutators and slip rings! 





By no means the least of the many 
advantages of Stackpole Quick-Filming 
Brushes is their ability to eliminate a 
great deal of maintenance and equip- 
ment reconditioning. The uniform dis- 
tribution of their high-altitude protec- 
tive ingredients avoids grooving 
commutators and slip rings—and, in 
many cases, adds greatly to operating 
stability at elevated temperatures. 


Five Stackpole Quick-Filming Brush 
Families—each with countless modifi- 
cation possibilities—cover practically 
any high-altitude brush application, 
present or pending. No sea level break- 
in filming run is needed. Commutation, 
stability and life are excellent through 
an exceedingly broad range of oper- 
ating conditions. Brush temperatures 
are held to a lower, more stable level. 


Write for High Altitude Brush Bulletin. 





Quick-Filming Brushes 


for high-altitude services 










Electrographitic, ‘‘Concentrated moly.”’ 
Metal Graphite, Treated Copper-Graphite 
and Treated Silver-Graphite grades in the 
first complete line for maxi- 
mum performance with no 
sea level filming run. 










STACKPOLE COMPANY, St. Marys, Pa. 


ROCKET NOZZLES e¢ BRUSHES for all rotating electrical equipment ¢ ELECTRICAL CONTACTS 
BEARINGS © GRAPHITE CHEMICAL ANODES «© GROUNDING ANODES e¢ TURBINE RINGS e PUMP 
VANES e SEAL RINGS * VOLTAGE REGULATOR DISCS e CERAMIC MAGNETS « FERROMAGNETIC 
CORES e FIXED & VARIABLE RESISTORS . . . and many other carbon, graphite and metal power products. 
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to GLOBE RESEARCH no battery is ever perfect 


































J69-T-29A 
1,700 Ib.-thrust model for 
drone applications. ‘The new 
engine has 60% more thrust 
with only a 6% increase in 
weight. It is presently pow- 
ering the Ryan Q-2C target 
drone which recently under- 
went successful flight tests. 


/ J69-T-25 
atest power plant for 
the Air Force T-37A twin- 
jet trainer manufactured 
by Cessna, the J69-T-25 
has increased thrust to 
1,025 Ibs. 


Continental's TC-106 turbine air com- 
pressor, developed in conjunction with 
the United States Air Force, is now 
available for ground support of jet age 
aircraft. The unit, supplying low pressure 
air, is especially suited to engine starting, 
cabin air conditioning and actuation of 
electrical generating equipment for 
ground operations of the aircraft. 


CONTINENTAL AVIATION & ENGINEERING CORPORATION 


12700 KERCHEVAL AVENUE, DETROIT 15, MICHIGAN 


SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 


Continued 


of Missile Hydraulic Components, A. B. 
BILLET. Paper No. 50T. Environ- 
mental requirements for static and dy- 
namic seals used in guided missiles and 
manned aircraft for outer space; shaft 
and static seal development; use of sili- 
cone and Viton A appears to give best 
sealing characteristics in 400 to 550 F 
temperature range to date; fluid com- 
patibility; seals for hot gas servo sys- 
tems; examples of applications, such 
as actuator, servo valve, dual pump, 
and miniature vane pump; sealing 
problems. 


Fluid Sealing in Extreme Environ- 
ments, A. A. LEPERA. Paper No. 50U. 
Elastomers available for seals, and re- 
lated design criteria for various fluid 
systems and their respective environ- 
ments with respect to aircraft and mis- 
sile reliability; it is shown that prop- 
erly designed seals fabricated from 
fluoro rubbers, offer possible solution 
to many problems; O-ring seal design 
criteria and performance data; metal 
seals for applications involving tem- 
peratures above 400-600 F; sealing 
problems of propulsion systems using 
high energy fuels. 


Refractory Nonmetals for Use in Hy- 
personic Aircraft, J. M. NOWAK. Pa- 
per No. 568. Investigation at Bell Air- 
craft Corp. of materials for application 
to proposed aircraft; studies concerned 
principally ceramic and graphite ma- 
terials for hot spot areas, refractory in- 
organic materials as thermal insulants, 
high temperature metallic alloys, and 
coatings for high temperature metallic 


alloys and nonmetals; tables and 
graphs. 
Development of Refractory Sheet 


Metal Structures, A. V. LEVY, S. E. 
BRAMER. Paper No. 56T. Summary 
of present state of art in utilization of 
refractory metals for airframe and 
powerplant sheet metal components; 
comparison of critical properties of 
four principle refractory metal ele- 
ments of which %% Ti-molybdenum 
alloy is most promising; molybdenum 
properties; fabricability; coatings for 
oxidation resistance; need to overcome 
shortcomings and provide most effi- 
cient materials systems possible for 
2000 F structural applications. 


Research on High-Strength, Ex- 
treme-Temperature Structures, A. R. 
LYTLE. Paper No. 56R. Present posi- 
tion in respect to materials for missile 


Continued 
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laboratory control of paste mixing at the 
se of all- f production point for top battery quality 
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0 to 550 F 
fluid com- 


see Oe Typical mixing curves for different oxides In the manufacture of lead-acid storage 
oor saa OXIDE No. 1 (Leody) . batteries in a multi-plant operation, the con- 
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Through laboratory work, specific curves for 
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EVERY BORG & BECK CLUTCH 
MUST “WALK A STRAIGHT LINE” 
TO ASSURE PERFECT BALANCE 


Probably the most important single quality in a clutch is ba/ance— 
because balance means smoothness of operation, not only of the 
clutch but of the engine as well. 


That's why Borg & Beck clutches are checked for balance, at opera- 
tional speeds, on specially designed test machines. Even the slightest 
unbalance is instantly detected and carefully corrected. Perfect bal- 
ance is assured, as shown above, when the electric beam of the oscil- 
lograph is vertically straight on the calibrated screen. And every Borg 


& Beck clutch must “walk this straight line” before it passes inspection. 


This is typical of the extra care that goes into every step in the making 
of Borg & Beck clutches. It is your assurance of top quality, top per- 
formance, top value. 


£ S cts 
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THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 


Reg. U. S. Pat. Of 


Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 
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and reentry space vehicles; steps that 
research can take in anticipating ma- 
terials requirement demand of future 
and new fabrication techniques; search 
for processing methods whereby me- 
chanical properties of materials might 
be enhanced and for new materials 
with properties designed for specific 
needs; reference made to development 
of graphite fibers and cloth, filamen- 
tary crystals or “whiskers”, etc. 


MATERIALS 


Sprayed Metals and Their Proper- 
ties, W. B. MEYER. Paper No. 40R. 
Methods employed for anchoring 
sprayed metals; use of sprayed metals 
in rebuilding worn machine elements; 
metallizing for corrosion resistance; 
method of spraying powder and fusing 
deposit to base metal and properties of 
self fluxing alloys and oxidation re- 
sistant alloys; ceramic coatings and 
properties; spraying guided missile 
combustion chamber with alumina for 
protecting low melting materials from 
heat; chemical analysis performed on 
metal sprayed samples. 


PRODUCTION 


Prediction in New Metal Joining 
Processes, J. J, CHYLE. Paper No. 
52S. Discussion of newer pressure and 
fusion welding processes and of braz- 
ing; mention includes ultrasonic, h-f 
resistance, foil seam, magnetic force, 
percussion, friction, and thermopres- 
sure welding and diffusion bonding, as 
well as electroslag, electron beam and 
arc plasma welding; adhesive bonding 
and development of glass or ceramic 
materials as structural adhesive; possi- 
ble future trends. 


Manufacturing Problems — Elec- 
tronic Guidance and Control, H. E. 
RICE. Paper No. 45S. Impact of mili- 
tary aviation electronics on manufac- 
turing system where objectives are 
standardization and reliability; ex- 
ample of systems approach at General 
Electric Co. in establishing standard- 


Continued 


Presented here are brief digests of recently 
presented SAE papers. These papers are avail- 
able in full in multilith form for one year after 
presentation. To order, circle thé numbers in 
the “Readers Information Service” blank on 
page 6 corresponding to the numbers appearing 
after the titles of the digests of interest to you. 
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Installation of hose assemblies 
in a confined space has long 
been an industry problem. To 
solve this problem, Stratoflex 
has developed a flared tube 
series of elbow hose fittings and 
assemblies. 






















Sremrower 225 













Use of these Stratoflex assem- 
blies eliminates the need for 
combinations of fittings and el- 
bow adapters. 







DS rT 


e Form tubing used for fabrica- 
tion of fittings to allow uni- 
form flow. 






@ Fittings available for medium 
and high pressure applications 


and for transmission of all 
fluids, 


e All fittings are quality steel, 
quality controlled in manufac- 
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in Canada: Stratofiex of Canada, Inc. 
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Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 


ized grid pattern of incremental spac- 
ing in mechanizing particular hole- 
punching operation; reliability tests on 
printed wiring boards; procedures re- 
lating to component reliability, as- 
sembly techniques, personnel training 
etc; recommendations. 


These digests are provided by Engineering 
Index, which abstracts and classifies material 
from SAE and 1200 other technical magazines, 
society transactions, government bulletins, re- 
search reports, and the like, throughout the 
world, 
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ire us to be equally uncom- 


all raw materials! Since analysis 
ft specifications not “almost” but exactly, 


shipment received is meticulously checked 


Few foundries match our ability to produce such 
tightly controlled, constantly policed casting quality 


in high volume. This has been our specialty through 


ENGINEERING CASTINGS, INC. 


MARSHALL, 


MICHIGAN 
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ALSO AVAILABLE... 


1959 SAE AIRCRAFT PRODUCTION 
FORUM .. . SP-327 consists of reports 
on 7 panels, as follows: 


Cost Reduction, reported by KAY E. 
MASTERS, secretary. Tells how to 
start a cost reduction program and 
how to motivate employees and super- 
visors toward cost consciousness. 


Make or Buy, reported by R. J. Mc- 
ELLIGOTT, secretary. Reviews eco- 
nomic considerations and the effects of 
governmental policies from the view- 
point of: Defense Department, Small 
Business Administration, prime con- 
tractors, and subcontractors. 


Guidance and Control, reported by 
JOHN COOKE, secretary. New per- 
sonnel policies and practices are 
needed to complement the changes 
taking place in organization structure 
of guidance and control system manu- 
facturers. The quest for greater qual- 
ity, too, is demanding personnel policy 
changes. 


Fabricating Ultra High Strength and 
Refractory Materials, reported by J. S. 
SOHN, secretary. Tells how hyper- 
sonic plane design is being influenced 
by new fabricating concepts. Also dis- 
cusses sheet forming, welding, brazing, 
bending, and mechanical joining as 
applied to honeycomb structures, large 
thin-walled cylinders, wing structures, 
and such. Explores machining, forg- 
ing, extrusion, chemical milling, and 
explosion forming. 


Numerical Controlled Machine Tools, 
reported by C. O. PARRATT, secretary. 
For sequential (point-to-point) and 
continuous path numerical controlled 
equipment, news of latest developments 
and case histories illustrating success- 
ful handling of: training and personnel 
problems, programming, tooling, main- 
tenance, and economic analysis. 


Product Reliability, reported by G. S. 
MEAD, secretary. Tells what product 
reliability means to the engineer, the 
manufacturer, and the customer. Dis- 
cusses product reliability from the 
point of view of: organization, research 
and development, design, qualification 
testing, manufacturing, quality control, 
packaging and shipping, field service, 
and training and communications. 


Ground Support Equipment, _re- 
ported by T. R. DRITZ, secretary. 
Discusses the design, manufacture, and 
use of ground support equipment, in- 
cluding handling equipment, servicing 
equipment, check-out equipment, and 
base facilities. Covered are such items 
as: dollies, slings, transtainers, fuel 
and gas storage and handling, cooling 
systems, navigation, radar and teleme- 
try systems, launch pads, erection 
mechanisms, and launchers. 
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looking for thin walls in big diameters? 


A-L now offers a wide range of stainless 
seamless tubing with walls as thin as .013”. 


From what other source would you expect to get stainless 
seamless tubing of 312’’ OD with walls as thin as .058’’ and 
in the widest range of materials anywhere to fit a broad 
range of requirements in new products and processes? 

Allegheny Stainless Tubing ranges from %6’’ OD to 3%”’ 
OD with wall thickness from .013’’ to .375’’. Typical of 
the specials A-L can make are 22’ OD—.032”’ wall thick- 
ness, 3’ OD—.042”’ wall thickness and 3%’’ OD—.058” 
wall thickness. All sizes with true circularity, no dents or 
handling marks. 

Stainless seamless tubing is made in all stainless grades 
including 309, 317, 318, 310, 416 and 446—normally 


wesw 7626 


difficult to obtain. For special high-temperature applica- 
tions, A-L produces tubing in high-strength alloys such as 
A-286, and in vacuum melted steels and alloys. Also in 
custom analyses such as low cobalt (.01-.05) grades and 
with boron additions to standard grades. 

A-L also makes composite tubes with bonded combina- 
tions of carbon and stainless steels and other metals for 
unusual corrosion applications in process equipment. 

Allegheny Ludlum Tubing is available in small orders in 
random or cut lengths. Standard grades in stock through- 
out the country. 

Write for your copy of Allegheny Ludlum Stainless Tub- 
ing, or call your A-L representative for all the help you need. 
Ahahca Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. SA-19. 


NEW! 

FREE—A-L’s new book on stainless 
tubing 32-pages of technical data, 
sizes, gradesand suggested applications. 


ALLEGHENY LUDLUM 


for. warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF STAINLESS... 
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Some Ideas 


Frankly, we hope you're a fusspot. If you 
are fussy about the way you work, and 
proud of it, we think you'll enjoy knowing 
about three K&E items which reduce the 
effort required to get pin-neat results. Our 
first suggestion is. . . 


A Better “Mattress” 
for Your Drawing Board 


For effortless drafting, a good board cover 
is about as important as a good mattress is 
for sound sleep. Which is why so many 
draftsmen swear by LAMINENE® (N 70), 
the only laminated board cover material 
made. An exclusive, patented K&E process 
gives LAMINENE several very practical 
advantages over plastic coated papers. You 
can stretch it, drumhead-tight, over your 
board. All you do is wet the back, then 
secure the ends by taping or stapling to the 
underside of the board. After drying, 
LAMINENE grips the board as if cement- 
ed—there’s no rippling, no stretching with 
the weather, no slack to take up. Its “draft- 
ing feel” is perfect: just the right balance 
of firmness and resiliency. LAMINENE’S 
non-glare surface makes it easier on the 
eyes, too, even under fluorescent lighting. 
You can expect to leave the board feeling 
fresher, even after a long day. 


What's more, LAMINENE won't crack or 
scar like a plastic coating. Its laminated 





film surface is flexible, and stays that way 
—no crevices form to pick up workaday 
grime. It’s easier to clean, too. A little soap 
and water is all \t takes to keep LAMI- 
NENE looking like new. 


LAMINENE is available in White or Eye- 
Ease Green; plain or with 4x4, 8x8 and 
10x 10 grids to the inch, which act as per- 
manent two-way tracing guides. A free 
sample can be yours in a few days if you 
write us today. If you’ve never tried a lam- 
inated board cover, we promise you a new 
experience! 
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for your file of practical information on drafting 
and reproduction from 


L-—~_~_—~—~——-—~— - KEUFFEL @& ESSER CO.-————————-4 


Stickers With Delayed Action 


Want to eliminate a time-consuming chore? 
You can cut down on tedious repetitive 
lettering by having title blocks, specifica- 
tions, and other symbols or legends printed 
e PRO e se » ae 7. 













—clearly and sharply —on DULSEAL™™ 
(74). This tissue-thin film has a delayed- 
action adhesive on the back, and a dull- 
finish face for easy writing or printing. 
Stickers made of Dulseal can be firmly po- 
sitioned—and re-positioned hours later, just 
as firmly. The adhesive takes 24 hours to 
set. Once it does set, a permanent bond is 
formed with the paper or cloth beneath. 
Dulseal is chemically stable, and the adhe- 
sive will not bleed, even in hot copying 
machines. 

Repeated erasures on Dulseal will not af- 
fect its “take.” Produced by an exclusive 
process, the “tooth” is built into the sur- 
face. Transparent and low in reflectivity. 


Name & Title___ th te i 


Dulseal stickers will not affect the trans- 
parency or printing speed of your drafting 
medium. K&E supplies Dulseal in sheets, 
rolls (printed to your specifications if you 
wish), and as a mending tape in a handy 
dispenser. Try a sample, on us! 





3 To Keep Ciean 


Best way to keep your tracings clean: don't 
let them get dirty. A mighty easy way to 
achieve this is to sprinkle the tracing lightly 
with gum eraser particles, while working. 
Then, triangles, T-squares, and scales stay 
clean, and clean the surface automatically, 
as they are moved back and forth. The 
particles will not dry out or harden—they 
contain no grit or abrasives. They'll actual- 
ly improve the ink taking qualities of your 
drafting surface. 





. 





For this purpose, K&E supplies cleaning 
particles put up in three different ways. 
We think the new plastic squeeze-bottle 
(3036C) is the handiest of all. The shaker- 
top can (3036) has also been a drafting- 
room favorite for some time. And, for 
double-duty cleaning, we suggest the ABC 
Dry-Clean Pad™™: (3037), which holds 
slightly coarser granules that sift through 
soft mesh. The ABC Pad also comes in 
handy for wiping a complete tracing after 
it is finished, or for preparing certain sur- 
faces for ink work. Or for an overall pre- 
cleaning, since the best way to insure clean 
tracings is never to let soil build up. 


The proverbial ounce of -prevention is 
worth the traditional pound of cure! 


These K&E products, and others 
that can make life easier for you, 
are available from your nearby 
K&E dealer. See him soon... 
or send us the coupon below for 
further information and samples. 
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KEUFFEL & ESSER CO.., Dept. SJ-7, Hoboken, N. J. 


Please send me samples of LAMINENE® Drawing Board Surface Material, 
and DULSEALTM. Tape... plus information on K&E cleaning powders. 





Company & Address 





Ben an enReEReDaD aera ey 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between May 10, 
1959 and June 10, 1959. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 


Baltimore Section 
Robert W. Shipley (A). 


Buffalo Section 


John Dollinger (A), Albert Granville 
Fonda (J), Edward E. Foster (M), 
Harrison V. Nowalis (M). 


Central Illinois Section 


Robert Leon Hillyer (J), Myrle W. 
Peacock (M), Donald Richard Weaver 
(A). 


Chicago Section 


Henry O. Barth (M), H. Thomas 
Douglas, III (A), Herbert R. Dover (A), 
Arthur William Garlieb, Jr. (J), John 
C. Hedberg (M), Walter L. Lichten- 
berger (A), John T. Parrett (M), Harry 
R. Smith, Jr. (M). 


Cincinnati Section 
Miles A. Townsend (J). 


Cleveland Section 


Harvey A. Cook (M), Ralph Emer- 
son McKelvey (M). 


Dayton Section 


Roger C. Binnig (M), Robert W. 
Mathews (J), Jay P. Sellick (A). 


Detroit Section 


Arthur A. Bibeau (A), Henry L. 
Byrne (M), William H. Corba (M), 
Emile S. Dahel (M), Jack C. Ferner 
(A), Gordon William Goodwin (M), 
Carl F. Hoehner (M), John Bruce Keir 
(J), Ian R. Kiltie (A), Ernest S. 
Kratzet (A), Adolph P. Loeber (M), 
Roy E. McCarter (M), Francis G. Ol- 
sen (M), Jack A. Pascoline (M), Hans 
Egon Petersen (J), William M. Ruhala 
(A), Leo E. Sanker (M), John W. 
Skelley (J), Richard K. Wheeler (J). 


Hawaii Section 
George M. Bell (A). 


indiana Section 


James Allen Beaumont (M), William 
E. Martus, Jr. (J), Glen R. Renner (M), 
Roderick Harris Spann (A). 


Kansas City Section 


Robert L. Renfro (J), John Lawrence 
Taylor (M). 


Metropolitan Section 


Richard O. Braendle (M), Hugh 
Richard Brossy (A), Claudio J. Carnali 
(M), Lorin W. Curtis (M), Nickolas 
P. Demas (J), Frank J. Ehringer 
(M), Adam Metzner (M), Wesley H. 
Schmittner (A), Gustav A. Schu- 
macher, Jr. (J). ‘ 
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Mid-Michigan Section James McNutt (A), 


Donald Lloyd Bell (M), Robert J. Springer (A). 
Christensen (M), Kenneth R. Engel- 
mann (J). 


Northern California Section 


Charles F. 


Nick Paul Jannakos (J). 


Milwaukee Section 


Hugh Gerald Lautner (J), Andre Ontario Section 
Anthony Ruisbroek (M). 


Alan S. Duff (A), Paul G. Ingram 


(M), Ian Fraser Steven (M). 


Montreal Section 


Traian Cabba (M), Claude De Guise ©e8on Section 
(A), Charles E. Senecal (A), Frederick 
George Young (M). 


Roy Wells (A). 


Philadelphia Section 


New England Section 
Norman J. Cyphers (M), Donald 


More than 


Griffith Bowen (M), 


Continued 


Clifford E. 


ISA MASTER 


fuel injection pumps 


The vertical pump drive 
arrangement, pioneered by 
Hartford Machine Screw 
Company, is a revolutionary 
and exclusive ROOSA MAS- 
TER feature. The vertical adapt- 
ability has saved manufacturers 


thousands of tooling expense dollars 
by permitting standardization of en- 
gine blocks for gasoline and diesel 

engines. 
More than 40,000 vertically driven 
ROOSA MASTER pumps in satisfactory 
field service are proving that the vertical 
application to existing and new engine designs 

is practical and sound. 

VERTICAL DRIVE ADVANTAGES: ¢ Simplicity of 
installation @ Easy accessibility © Shorter injection lines 
for better performance @ Lower cost ¢ Makes available 

space for other accessories. 


HARTFORD MACHINE SCREW CO. 
HARTFORD 2, CONN. 


Division Of Standard Screw Company 


ROOSA MASTER 


You can depend on the diesel that depends on ROOSA MASTER 
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New Members Qualified 


Continued 


Clarke (M), Alwynne E. Clemmer (M), 
Jess William Oren, 3rd (M), Joscph B. 


Solly (M). 


Pittsburgh Section 


Kenneth C. Herriott (M), Alan Peter 


Terrile (M). 


St. Louis Section 
Donald J. Terry (M). 





San Diego Section 


Arthur Ross Campbell (A), Roland 
James Fornataro (J), Walter A. Har- 
ney (A), Lyle Fletcher Loukes (M), Dr. 
Daryl G. Mitton (M), M. V. Rama Rao 
(M), F. Q. Wilson (M). 


South Texas Group 
John D. Tosh (A). 


Southern California Section 


George W. Cornelius (M), John Paul 
Davis (J), William Lee Hamilton (A), 
Harold N. Johnson (A), Daniel D. 
Monaco (A), Edmund J. Ostendorf, Jr. 
(A). 


QB0©EOBOCOO 





Double 


Plate Clutch 
Provides More Torque 
- With Less Size @ 






Small 
Spring Loaded 





Heavy Duty 
Spring Loaded 


Oil or Dry 
Multiple Disc 





Heavy Duty 
Over Center 


Used in a large crawler-type tractor, this Double-Plate 
ROCKFORD Morlife CLUTCH (Utilizing two MORLIFE® plates— 
equipped with button type facings) provides 100% more torque 
capacity than previous clutches of same diameter. 400% more 
service life and 50% more heat resistance are other features 
of this Heavy-Duty ROCKFORD Morlife CLUTCH. A brake plate 
is mounted on the heavy-duty, ball bearing type release sleeve. 


Me: FOR THIS HANDY ed complet 


Gives dimensions, capacity tables and complete |= 
specifications. Suggests typical applications. 


ROCKFORD Clutch Division BORG-WARNER 


316 Catherine St., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Hil. - 
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Take-Offs 

















Southern New England Section 


Dr. Alan E. Ardis (M), W. Richard 
Kolk (M). 


Spokane-Intermountain Section 
Gordon F. Paul (A). 


Texas Gulf Coast Section 


Richard A. Geer (A), Edward D. 
Shannon (M). 


Twin City Section 
Lloyd Adam Kerber (M). 


Virginia Section 
James Henry Bickerstaff, Jr. (A). 


Western Michigan Section 
Dan L. Olsen (M). 


Outside Section Territory 


Robert G. Ellis (A), Lloyd D. Ething- 
ton (M), Leonard Pierce, Jr. (M), 
Samuel E. Robinson, Jr. (M), Wm. P. 
Tolbert, Jr. (M), F. G. Varabeau (A), 
Cyril William Von Fumetti (J). 


Foreign 


Franco Autelli (M), Italy: Antonio 
Carlos A. Costa (J), Brazil; Otto Delig- 
disch (A), France; Giorgio Geddes da 
Filicaia (M), Italy; Dr. Naeim Abdou 
Henein (M), Egypt; Jose Bento Hucke 
(J), Brazil; Gosta Kullberg (M), 
Sweden; Chand Kishen Muttoo (J), 
India; B. Natarajan (J), India; Albert 
Cyril Simille (M), France; P. S. Subra- 
maniam (J), So. India; Clifford Hillery 
Travis (M), Saudi Arabia. 





Applications Received 


The applications for membership re- 
ceived between May 10, 1959 and June 
10, 1959 are listed below. 


Alberta Group 


Dennis Keith McJunkin, William 
Douglas Proctor 


Baltimore Section 
Truman Alfred Keeney 


British Columbia Section 


Leslie Guest Hall, George Edward 
Johnston 


Buffalo Section 
Theo B. Case, Lloyd A. Molby 


Central Illinois Section 
Frederick W. Pfeiffer 


Chicago Section 


Richard T. Bennett, Fred Joseph 
Collinet, Jr., Richard F. DeThorne, Ar- 
thur W. Eulitz, Antoni J. Gorka, Robert 
Alan Green, Ernest L. Kirshtner, Nor- 
man Ian McClellan, Richard Munt- 
janoff, Richard K. Nelson, Carl E. Ru- 

Continued 
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FIRESTONE FASHIONS 
“TRAFFIC STOPPERS’ IN 


fasnionied Acominum PARTS 


Call on the eye-catching brilliance of Firestone 
brightwork to put new competitive appeal into 


your automotive products 


Call on Firestone Fashionized® Aluminum for the fin- 
ishing touches your new cars need. Call on the custom 
colors and qualities of this mass-produced medium to 
pass your closest customer inspection—to say “crafts- 
manship” down to the last detail. 


SAE JOURNAL, JULY, 1959 


Call on Fashionized Aluminum, and on Firestone’s 
more than 50 years of fabrication and finishing experi- 
ence. Call, too, on the production capacities and com- 
petitive prices that only an automated anodizing line 
can supply—in part sizes up to seven feet long. Your 
inquiries and inspections are cordially invited. 


FIRESTONE FASHIONIZED ALUMINUM 


FIRESTONE STEEL PRODUCTS COMPANY, AKRON 1, OHIO 
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impulse-type diode tachometer 
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TACH PROBLEMS? LOOK TO AC! 


Exterior of electronic 


View with outer shell removed 


This new electronic tachometer is available for 
original equipment only from AC for use in 
automotive, marine and industrial applications. 
It combines high precision and low cost in a 
one-unit tachometer. In fact this tachometer is 
priced at less than the cost of presently produced 
electric units. 


Easy to install; One wire connection for 
grounded systems; two wires for ungrounded 
systems. 


Easy to read: Wide 100° pointer deflection in 
attractive internally or externally lighted case. 


Reliable: No moving parts (except pointer), 
no batteries or electrical contacts to fail. Uses 
time-tested electronic parts designed for a 
lifetime of operation. High precision, rugged, 
core-type meter movement is impervious to 
external magnetic fields. It is available for 6, 
12 or 24-volt systems plus magneto-type igni- 


tion, either in panel or as a separate unit. 


What does it do? It indicates rpm of automotive, 
commercial and marine engines by means of a 
diode counter which counts ignition impulses. 
This counting is done by charging a capacitor 
during the open phase of the distributor con- 
tacts and discharging the capacitor through the 
core-type movement during the closed phase. 
As engine speed increases, distributor rpm in- 
creases, the ignition pulse rate increases and the 
pointer deflection increases proportionately. In 
addition, it can also be used for measuring fre- 
quency and/or rotation of alternating current 
electrical machinery. 


If you have a problem with tachometers, or 
would like additional information about the new 
AC electronic type, write or call any AC office. 
We will be happy to supply you with complete 
information. 


AC Reliable Products Help You Sell 
SPARK PLUG ¢ THE ELECTRONICS DIVISION OF GENERAL MOTORS , 


FLINT —1300 North Dort 
Highway, CEdor 4-5611 


CHICAGO—7074 North Western 
Avenue, ROgers Park 4-9700 


DETROIT —Genera! Motors Building, 
TRinity 5-2630 
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Applications Received 
Continued 


dolph, Richard E. Stern, John J. 
Witczak, Virgil R. Yoder 


Cincinnati Section 
Mel Abrams, Merle H. MacDonald, 
James E. Mann 


Cleveland Section 


Douglas Harold Birch, Warren E. 
Boudrie, Milburn K. Carey, Edmund 
Joseph Fuchs, Donald W. Groves, 
Frank Herzegh, Leland C. Hunt, 
Adolph A. Karrasch, Edward Emri 
Kish, Jr., Fred L. Main, George H. 
Milleman, John J. Sherlock, A. C. Trip- 
let, Ellis Mickle Wellman 


Dayton Section 
James Schreiber 


Detroit Section 

Lionel J. Bedells, Charles S. Brasch, 
Robert M. Burch, Anthony James Bur- 
gess, Erwin O. Clark, Robert Thomas 
Currin, Donald LaRue Davidson, 
Gerald J. Dorcey, David E. Dunn, 
Thomas H. Elkins, Daniel L. Enfield, 
Fred V. Gieryn, Burley Gray, Capt. 
William J. Hart, Jr., Robert John Hoff- 
mann, Walter P Hopfner, Andrew 
Kuzdak, Jr., Robert F. McCabe, Erving 
Nielsen, Leon H. Nies, Burton Allen 
Pearson, Lawrence E. Pulkownik, Ken- 
neth H. Robertson, Robert W. Rubarth, 
W. J. Skutnick, Jay W. Smith, Edward 
Frank Wiecha, Raymond J. Winiarski 


Hawaii Section 
Quentin F. Gandall 


Indiana Section 


Harvey C. Habegger, William Julian 
Keller, Carl W. Pettit 


Kansas City Section 
John R, Henke 


Metropolitan Section 

Murray Benett, Hugo Buechelmaier, 
Robert Joseph Capazzi, Kenneth J. 
Dahms, John Paul Fiala, George N. 
Freund, B. L. Groser, Robert W. Legge, 
Louis Marick, Paul L. Mathis, Edward 
L. McCandless, Savino F. Mercurio, 
Fred Henry Michelsohn, ‘william 
Thomas J. Oliphant, John K. Patter- 
son, Thomas J. Stokes, Frank J. Vicari, 
William M. J. Wiehl, Charles W. Will- 
ever, Jr. 


Mid-Continent Section 
Luiz Meth, Charles B. Miller 


Mid-Michigan Section 
William Laurence Compton, JZJr., 
Ronald J. Sargent 


Milwaukee Section 
Myron M. Fiedler, Douglas Matthew 
Waisanen 
Continued 
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it makes sense 


‘ONE SOURCE 


ONE RESPONSIBILITY 


for all 


COOLING 
Requirements. 


BLE 


Ons source, one responsibility for all cooling requirements 
is the sensible approach to solving heat transfer problems. 
By «using one reliable source, you automatically solve 
problems of service, and there is never a question of 
responsibility for performance. Young’s wide range of products 
and over 30 years experience in designing, engineering and 
manufacturing radiators, oil coolers and heat exchangers 
qualifies them as the most logical source for all your cooling 
needs. Let us show you what undivided responsibility can 
mean in the way of economy, quality control and efficiency 
of performance. Write, wire or call without obligation. 


YOUNG RADIATOR COMPANY 
RACINE, WISCONSIN 


eT mach 
Specialists 


Check the catalogs and literature you would like to receive. Mail coupon to 
Young Radiator Co., Racine, Wisconsin, Dept. 119-G. 


Cat. No. 1356— Young Cat. No. 557—Horizontal Core 
Jacket Water Coolers Air Cooled Heat Exchangers 


Cat. No. 1054A— Young Cat. 3558 — 
Torque Converter Coolers Type ron Unit Oil Coolers 


Cat. No. 1652 — Young 
Supercharger Air Intercoolers 


Cat. No. 1258 and No. 1156 — 
Shell and Tube Heat Exchangers 


Name ... 
Company 


Address .............. 


Pewee seseceseoeecesese 





Bundyweld is the only 
tubing double-walled 
from a single copper- 
plated steel strip, met- 
allurgically bonded 
through 360° of wall 
contact for amazing 
strength, versatility. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 


There's almost no limit 
to the things 
Bundy can mass-fabricate 


With Bundywelde we can mass-fabricate shapes to almost any specification 
For example, take the coil for a power-steering pump oil cooler shown at right 


This was the problem: cool the oil for a heavy-duty hydraulic-power-steerin 
pump; do it in a limited space. Bundy engineers found the answer: surroun 
the hydraulic reservoir with a 434” high coil of Bundyweld tubing. The hy 
draulic fluid cools 25°-35°F. as it is pumped through more than 11 feet of tubing 


Tough fabrication jobs like this look easy with highly versatile Bundywel 
tubing. Bundyweld is the original steel tubing double-walled from a singh 
steel strip. Its high bursting strength and resistance to vibration fatigue he 
made it the safety standard of the automotive industry. 


It will pay you to use Bundy’s complete tubing service: free design assist 
ance, mass-fabrication at minimum cost, Bundyweld tubing. Bundywe 
and Bundy specialty tubings are sold through distributors in principal citie 
Call us today! 
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This heavy-duty oil-cooler coil for a power- 
steering unit stands only 434” high, yet 
contains over 11 feet of 4%” x .035” Bundy- 
weld tubing. Ends are double-flared with 
fittings attached. The inside diameter meas- 


ures 4.88” and is held to +%” tolerance. 
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BUNDYWELD. TUBING 


ORLD’S LARGEST PRODUCER OF SMALL-DIAMETER TUBING ¢ AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 


BUNDY TUBING COMPANY «+ DETROIT 14, MICH. 


WINCHESTER, KY. 





HOMETOWN, PA. 





VARIABLE RATIO STEERING 


tt Constant ratio 22:22:22 
Variable ratio 12:20:12 


dling 


td 


ihe eapagen vei * eran wh qs LL rT 


* Originated and developed by Ross.... 


@ Today, the big news in steering is variable ratio steer- 
ing. 

And with good reason. Variable ratio steering gives 
faster steering and quicker recovery for cornering .. . 
and slower steering and greater stability for straight- 
ahead handling. Variable ratio is a Ross development. 


Steering specialists since 1906, Ross provides the 
right gear for every steering need—manual or power, 
constant or variable ratio. Ross invites your steering 


inquiry. 


STEERING 


ROSS GEAR AND TOOL COMPANY, INC. « LAFAYETTE, INDIANA 
Gemmer Division « Detroit 
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Applications Received 
Continued 


Mohawk-Hudson Section 
Frederick J. Iink 


Montreal Section 


James Alexander Henderson, Kal- 
man I. Krakow, John Lusk 


New England Section 
Seth Gibson 


Northern California Section 


William W. Clingan, George K. Gas- 
kell, Tipton A. Gilbert, Kent B. Kitter- 
man, Larry Spencer Sherman, Robert 
David Swanstrom, Jack A. Wahle 


Northwest Section 
Thomas J, Dean 


Ontario Section 


William E. Algie, William Francis 
Cushing, W. A. Paterson, M. Bruce Sel- 
man, Paul Dafoe Stata, Allan Wallace 
Stewart 


Philadelphia Section 


Charles J. Barrow, Joseph Field, Wil- 
liam C. Hart, Edward K. Shea 


Pittsburgh Section 


Robert L, Felt, Harold M. Layton, 
M. W. Marshall, J. Carl Mulac, Jr., 
James Karlsen Sorgini, Carl Stanley 
Walton 


St. Louis Section 


Edwin A. Boeck, Jr., Sidney Joseph 
Green, Joseph Walter Hradsky, Earl 
L. Will 


Salt Lake Group 


Robert S. Callister, Richard G. 
Laucher, Edward S. Yablonski 


South Texas Group 


Alonzo Leonard Lipscomb, Jr., Joel 
D. Watkins 


Southern California Section 


Wilson A. Burtis, Raoul James De- 
Lamare, Loren Hufstetler, Robert S. 
Kirksey, James McDonald, Adolph 
Munsey, Arthur Soltwedel, Bryn Jhan 
Van Hiel II 


Southern New England Section 
Richard S. Juralewicz 


Texas Section 
Fred C. Ruth, Jr., Willis J. Taylor 


Texas Gulf Coast Section 
Robert H. Hurd 


Twin City Section 


Louis E. Larson, Albert E. Reske, Ed- 
ward Lyle Smith - 
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Virginia Section 
Carmine Joseph Lattanze 


Washington Section 


Clarence Boyd, John Burton Harri- 
son, W. H. Leathers, Jr., Colin Willmott 


Western Michigan Section 


Clement E., Naperala, Charles F. 
Rodgers, Charles R. Stuart, George 
Richard Wilson 


Wichita Section 
Charles F. Hill, Terrence P. Maloney 


Williamsport Group 

Charles Hazard 
Outside Section Territory 

Malcolm J. Hahn, M. F. Marti, Wm. 
Joseph Preising, Kenneth R. Shipe, 


Charles Carrington Stewart, Ridley 
McLean Ruth, Charles F. Warner 


Foreign 

Roberto Mauro De Araujo, Brazil; 
Calvin Harry Johns, Argentina; Yuzo 
Koga, Japan; Arthur William White- 
house, England; Friedrich Ph. Wun- 
derlich, Germany 


* for all engine applications 


All of the engineering and manufacturing ef- 


fort at Johnson Products goes into producing a 


better tappet. Continual experimentation and exact- 
ing quality control make JOHNSON TAPPETS worthy 
of your consideration. Only proven materials, 


covering a range of hardenable iron, steel, and chilled 
iron of various alloys, are used in JOHNSON TAPPETS. These tappets are 
successfully used in jobs ranging from light duty to the 


most severe, punishing applications. Serving ali industry that 


employs internal combustion and diesel engines, 


“tappets are our business” 


JOHNSON ([) PRODUCTS 


MUSKEGON, ine. MICHIGAN 





STRICKLAND equips '78 new trucks... 
50 new trailers...with 
WAGNER AIR BRAKES! 


This fleet travels the equivalent of 3 times around the world every day! 


Strickland Transportation Company of Dallas, with a fleet operation extending from New 
York City to San Antonio, knows that low maintenance for trucks and trailers means higher 
operating profit. Here's what L. R. Strickland, President, has to say about Wagner Air 
Brake Systems: 

“Running an over-the-road truck fleet operation successfully depends greatly on getting 
the most out of the equipment you have. I specify parts and equipment on the basis of what 
will help lengthen the service life of these vehicles. I'm glad to tell you that when it comes to 
air brakes, I'll take Wagner every time. Our maintenance costs are more than satisfactory. 
One of the main things I like about the Wagner system is the Rotary Air Compressor. 
For my money it is the most efficient pump on the market.” 

“All-in-all, our experience and records show that Wagner Air Brakes are our best buy. 
I've just ordered 78 new trucks and 50 new trailers equipped with Wagner Air Brakes— 
what better recommendation can I give?” 

Wagner Rotary Air Compressors, the only compressors that use the true rotary motion, 
are available in either 9 or 12 C.F.M. capacity, and in a drive-thru model for diesel- 
powered trucks. 


Wadsner Electric Corporation 


6378 PLYMOUTH AVE. + ST. LOUIS 33, MO. WK59-9 
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Where the Shift-Ratio Per Mile Ils High, 


the shitisto LIPE CLUTCHES 


Stop-and-go ... creep-and-crawl ... uphill- 
downhill ... wherever the overall frequency 
of shifting is high, it’s hard to keep clutch 
maintenance costs low. 

Fleet operators know it’s not the number 
of miles per year that put a clutch to the 
cost test. It’s the number of engagements 


per mile. 


For more ton-miles and more 
engagements between shop- 
stops, equip with Lipe 
Heavy-Duty DPB Clutches: 
single and two-plate types; 
12”, 13”, 14” and 15” sizes; 
torque capacities from 300 

to 1900 ft.-lbs. 
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That’s why so many operators are con- 
verting entire fleets to Lipe Heavy-Duty 
DPB Clutches . . . both on new trucks and as 
replacements of original equipment. 

They’re buying Lipe. Why not sell them 
Lipe ... either as original or optional equip- 
ment? Customer response will prove to you 


... the trend is to LIPE. 


(i 


-ROLLWAY 
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Method of Operation 


Heater Coil 
Closed Contacts J Bimetal Strip 





NORMAL CONDITIONS 


Current flows thru strip at- 
tached across breaker studs. 
When contacts are closed, 
heater coil is short circuited 
and has no heating effect. 


Heater Coil 
Open Contacts 


\! 


Bimetal Strip 


¢ 





—? 


EMERGENCY CONDITIONS 


A short circuit or overload in- 
creases current. Causes strip 
to bend away from contacts. 
When contacts part, heated 
coil holds contacts open. 


REMOTE RESET 


means positive circuit protection 


Here’s complete protection against burned 
out accessory motors and wiring, dam- 
aged breakers and run-down batteries. 
When the circuit is overloaded or shorted, 
the Tung-Sol 12-volt remote reset circuit 
breaker locks open instead of continuing 


(= ont 
4o>> oo 
- ~o_ KJ) 
( = ~ a 


(| ~ 


j 


~ Y [ne 
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TWO STANDARD MOUNTING BRACKETS 


= 





to pulsate. When the cause of the over- 
load or short is removed, the breaker is 
then remotely reset. It reactivates the cir- 
cuit within 30 seconds. 


Available in 6, 10, 15, 20, 30 and 40 
amp. ratings with a choice of two standard 
mounting brackets, Tung-Sol remote reset 
circuit breakers are used in a wide variety 
of automotive applications. For further 
information write Automotive Products 
Division, Tung-Sol Electric Inc., Newark 
4, New Jersey. 


s) TUNG-SOL 


REMOTE RESET CIRCUIT BREAKERS 
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NAUGATUCK PARACRIL 6ZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


} 


Q 


Now-the finest wire jackets can be C ptoted 


FOR SALES APPEAL * FOR SERVICE EASE 


New Paracril OZO—a superior rubber compound devel- 
oped by Naugatuck — makes possible new eye appeal, new 
ease of identification. And it outperforms standard wire 
jacket compounds many other ways, too! 

Compare new PARACRIL OZO with other wire jacket 
rubbers. Prove for yourself, new PARACRIL OZO gives: 


® significantly superior ozone resistance 
® greater fuel and oil resistance 
® much greater abrasion resistance than standard jacket 


compounds 
@ excellent processability, with particularly fast extrusion 
® permanent retention of bright colors! 

If you ore not already using PARACRIL® for your wire 


jacket compounds or similar products requiring such proper- 
ties, chances are 1000 to | it’s because you haven't yet tried 
PARACRIL OZO. 

Why not try it—soon. Contact your nearest Naugatuck 
representative at the address below. 





Naugatuck Chemical 


Division of United States Rubber Company enanioas ae 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices - CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd. Elmira, Ontario - CABLE: Rubexpert, W.Y 





breaking the barriers Vacuum induction 


with Vacuum Induction Metals Melting Develops 


Today’s challenge lies in developing metals and means of e High temperature 
corrosion resistance 


cracking the thermal barrier. Increased ductility 


The metals problem has already been partially solved by superalloys Extreme cleanliness 
produced through Vacuum Induction Melting. This process, as developed Precise chemical control 
by Kelsey-Hayes, has yielded such super refractory alloys as Udimet Longer stress-rupture life 
500, 600 and 700—clean, pure alloys combining unsurpassed Increased tensile strength 
stress-rupture life with superior high tensile strength above the 1500°F range. Better fatigue resistance 
Greater yield strength 
Greater impact resistance 
Greater creep properties 


In addition to making new superalloys, Kelsey-Hayes upgrades 
existing alloys through vacuum induction melting. 
Kelsey-Hayes Co., Detroit 32, Michigan. 


KELSEY-HAYVES 


Automotive, Aviation and Agricultural Parts e¢ Hand Tools for industry and Home 


18 PLANTS: Detroit and Jackson, Michigan; Los Angeles; Philadelphia and McKeesport, Pennsylvania; Springfield, Ohio; 
New Hartford and Utica, New York; Davenport, Iowa; Windsor, Ontario, Canada. 
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The New 
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Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices - CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd., Elmira, Ontario - CABLE: Rubexpert, N.Y 






PRECISION 












RINGS 









trouble 
before it starts! 


“Down time” costs money, whether it’s on the assembly line, or after a product is 
in use. (The latter could be costly to future sales!) That’s why you're money 
ahead when you use quality “O” Rings, made by Precision. They're 

rigidly inspected and tested over 100 times... They're made to do the job 

better ...longer. Call a Precision Sales Engineer for help with your 

product design and the RIGHT Precision “O” Ring for your product. Write, 
wire, or phone today. 


BE SAFE with PRECISION 


Tete) tm Te Corporation 


"O” Ring and Dyna-seal Specialists 


‘Wy 





10; 3110 Oakridge Drive, Dayton 7, Ohio Canadian plant at: Ste. Thérese de Blainville, Québec 
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The New 


RAC-AIDE 


DIFFERENTIAL 
by EATON 


Introduces Long-Awaited 
Design Features 










THE 
TRAC-AIDE 
DIFFERENTIAL 
DIVERTS TORQUE 
FROM THE SLIPPING 
TO THE 
GRIPPING WHEEL 


The TRAC-AIDE Differential by Eaton is a conventional differential, ONLY EATON TRAC-AIDE 
plus a simple non-locking, multi-disc friction clutch which auto- OFFERS ALL OF THESE 
matically engages to retard motion of the slipping wheel, and provides ADVANTAGES 
smooth, chatter-free transmission of torque to the wheel with the bis Cheene 


greater traction. s 
One-piece Case 
ao 


The secret of the Eaton TRAC-AIDE Differential is the coefficient 
of friction designed into the clutch discs. This provides a stable, dur- 
able bias ratio that assures chatter-free operation without the use of 


Fewer Parts 
s 


Easier Maintenance 
. 


special lubricants. With fewer parts and one-piece case, this economical No Lock-up Peaks 
* ¢ . . . e 
unit is easily adapted to varied axle designs for cars and small trucks. Improved Steering ond Roadobility 
o 
The Eaton Differential makes a distinct contribution to safer, more Exclusive Long-Life Disc Design 
. 


dependable vehicle operation. It has no adverse affect on steering, but 
actually improves roadability; reduces high-speed swerving and skid- 
ding on curves. We will be glad to discuss the unique design features @ 
of this new Eaton Differential with your engineers. ® 


EATO 


No Special Lubricant Required 


PUMP DIVisiOnN— 
MANUFACTURING COMPANY 
9771 FRENCH ROAD ¢ DETROIT 13, MICHIGAN 
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DE 
E 
ability 

NEW DESIGN ADAPTS safety margin . . . through more braking control. 
sign VALVE TO THREE TYPES OF Write today. Ask for more information, a dem- 
red MOUNTINGS onstration, or a sample unit for your own test. 

Mount Midland’s new Air Hand Control Valve on 

the steering column, on the dash board, or as a 

remote control unit. It’s versatile! MIDLAND-ROSS /4.*\ 

Made of light weight aluminum, the new valve CORPORATION 

weighs only 11 Ibs. And Midland engineers have ier ate i \ oes / 
— accelerated the application and release time . . . Owosso Division » Owosso, Michigan 
NY longer brake and tire. life! Drivers have a greater 
IGAN 

ONE OF THE 400 LARGEST AMERICAN CORPORATIONS 

Y, 1959 


SAE JOURNAL, JULY, 1959 141 





in hydraulic performance 


Webster 
DIRECTIONAL CONTROL VALVES | 


Combines to culvert cleaners — anywhere 
one, two or more hydraulic applications are 
handled at one time... the difference is dynam- 
ically apparent when Webster is on the job! 
Versatile! Parallel design permits control of 
up to 6 independent circuits. Range! Oper- 
ating pressures to 2000 psi — shock pressures 
to 5000 psi. Lowest back pressure. Compact! 
Smallest size for rating. Three sizes — single 
spool type in 20 gpm capacity, parallel 
stacked in 20 and 40 gpm capacities. 

You find Webster Directional Control Valves 
on leading agricultural, road building and in- 
dustrial machines. Chances are there’s a size 
and model ideally suited for your product — 
for the dynamic difference that pays! 


OIL HYDRAULICS DIVISION 


WEBSTER ELECTRIC 
ae RACINE-wis 


th year 
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We are continuing to 
| grow and produce better 
— steels for the product you 
make today and the 
product you plan for 


McLoutu Stee. CornPoRATION 


HOT AND COLD ROLLED SHEET AND STRIP STEELS 
Detroit 17, Michigan 
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Dependable systems 
demand 
systems planning 
and engineering 


When safety and security are at stake, only a completely integrated 
system of components working together assures maximum reliability. 
The need for this kind of system performance applies to air brakes 
as much as to a bank vault with its precise tolerances and split- 
second, time-locking devices. 

The efficiency of both systems depends on the close interrelation of 
all components or devices. By assembling individual components 
from many sources, you might build a workable bank vault or air 
brake system; but for maximum security and reliability, it’s always 
to your advantage to specify a complete chain of system-engineered 
components—designed, engineered, and assembled to work together. 

That’s why more manufacturers specify the complete Bendix- 
Westinghouse Air Brake System for their vehicles. Fleet operators, 
too, know that Bendix-Westinghouse Air Brakes give top per- 
formance for a longer period at lower over-all cost. And Bendix- 
Westinghouse accepts full and complete responsibility for the proper 
functioning of the system. Proof? More vehicles travel more miles 
with Bendix-Westinghouse Air Brakes than with all other air brakes 























SYSTEM—according to Webster: ‘‘Many parts connected in 


such a manner as to create a chain of mutual dependencies" 





AUTOMOTIVE AIR BRAKE COMPANY 
General offices and factory— Elyria, Ohio. Branches—Berkeley, Calif. and Oklahoma City, Okla. 
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If you are in the market for rugged, dependable bushings and 
bearings at an economical price—products that provide maxi- 
mum protection in almost any type of equipment—choose 
from Johnson’s . . . 


& Bronze on Steel e Rolled Bronze C7 Babbitt on Steel 


tnreSsts 


for maximum 
protection 
of your equipment 


Rolled 
Bronze 


Bronze on steel thin-wall bushings are economical and 
practical. Plain or flanged half bearings are available also, pre- 
cision machined to fit your application. This material also can 
be furnished stamped for plates, washers and other flat bear- 
ing surfaces. 


Rolled bronze, plain, graphited or ball-indented are avail- 
able as either full round bushings, half bearings or washers. 
Furnished with any type of oil groove, slot or hole, these durable 
parts can be made to your specifications and produced in a 
large range of sizes. They have superior resistance to corrosion 
and wear. 

Babbitt on steel is available for bushings or half bearings 
and thrust washers. Precision machined to close tolerance, these 
performance-proved products have a range of wall thicknesses 
suited to your needs. 

Behind these quality products stands Johnson’s more than 50 
years’ experience in the sleeve bearing and bushing field. Like 
thousands of others, you, too, can benefit from these quality 
products and Johnson’s engineering help. Call, write or wire us 
for more information . . . for fast, reliable service. 


Subsidiary: Apex Bronze Foundry Co., Oakland, Cal. 


675 Mill Street, New Castle, Pa. 
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give the gentleman what he wants... 


Yes... and 
that includes 
piston ring 
ENGINEERING 
..- boo! 


Our service slogan for the great automotive indus- 
try, GIVE THE GENTLEMAN WHAT HE WANTS... 
had its genesis some fifty years ago. Then it was that 
the GENTLEMAN had his first taste of Thompson 
valves! Today, the five companies of the Thompson 
Ramo Wooldridge Inc. Automotive Group are 
caterers of over sixty products to the GENTLEMAN! 
Among them are healthy quantities of original 
equipment piston rings, made to the GENTLEMAN'S 
own exacting specifications. 

Piston ring engineering is an important ingredient 
in our service to the automotive industry. It is 
spiced with years of specialized piston ring research, 


engineering and development. Also, at the elbow 
of the RAMCO’S engineering staff is a vast storehouse 
of TRW engineering data. This data represents the 
cumulative pooled knowledge and experience of 
more than two thousand TRW engineers and tech- 
nicians ...men whose one aim is to GIVE THE 
GENTLEMAN WHAT HE WANTS! 

These RAMCO engineering and production facilities 
are ready to go to work for you. Our booklet “MOST 
MODERN RING PLANT” contains information we'd 
like very much for you to have. Why not request 
a copy or better yet, why not visit our plants at 
Sullivan, St. Louis and Manchester soon. 


Jor Piston Rings by THOMPSON PRODUCTS RAMCO DIVISION 


Another Product of Thompson Ramo Wooldridge Inc. AUTOMOTIVE GROUP Serving the nation’s manufacturers of cars - trucks - tractors . engines 


J Ramee Division — Piston Rings; 


fr Valve Division—valve and valve 

seat inserts; valve rotators; valve re- 
tainer locks and caps; mine roof bolt 
expansion shells; mechanical control 
components for missiles. 


An Michigan Division— steering linkages; front 
wheel suspension ball joints; driveshaft bearing 
hangers; track-bars; cylinder sleeves; radius 
rods; power steering cylinders and pumps; trans- 
mission pumps; hydraulic actuating pumps. 


“Spirolox” and “Circolox” Retaining 
Rings. Address your inquiries to 
Thompson Products Ramco Division, 
Box 513, Dept. Q, St. Louis 66, Mo. 


permanent-mold and high-pres- siem—water pumps; 
sure die castings; forged and cast piston pins; transmis- 
aluminum alloy pistons. sion control valves. 





more of the Garlock VAIN) 


Wiss 43 
; ee H 


_— 


WHAT TYPE “RUBBER” 
MAKES..THE BEST PARTS? 


—_ If there was one answer 


to the question above, 


+ 
Garlock’s job of compounding, molding, and 


extruding rubber to your specifications would 
be extremely simplified. But, as you know, 
each type of rubber has its strong points: 


For example, Natural Rubber 


is resilient, has high tensile strength . . . per- 
fect for air springs, tubing, electrical insula- 
tion. Styrene butadiene has excellent resistance 
to aging, costs less . . . applied widely as 
weather stripping, bushings and grommets, 
gaskets. Other popular types—nitrile, neo- 
prene, butyl, silicone, new Viton*—will each 
perform better under one set of conditions than 
another. 


Molded and Extruded Rubber 


parts are more of the Garlock 2,000 . . . two thousand 
different styles of packings, gaskets, and seals for every 
need. Call your local Garlock representative, or write for 
Catalog AD-167. 


Make the right choice. 


Discuss your designs with Garlock; find out 
what rubbers will do the best job for you. 
Learn, too, about Garlock’s complete process- 
ing facilities . . . about the thorough quality- 
control and testing programs. You will find 
Garlock an ideal source for all your molded, 
extruded, and die-cut rubber parts. 


*DuPont Trademark 


THE GARLOCK PACKING COMPANY, Palmyra, New York 


For Prompt Service, contact one of our 26 sales offices and warehouses 


- throughout the U.S. and Canada. 


Canwtocx A 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 


Conedion Division: The Garlock Packing Co. of Canada Ltd. « Plastics Division: United Stotes Gosket Company 
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A big feature for tomorrow's best selling cars! 


TIRES OF BUTYL 


Over the years versatile Enjay Butyl 
rubber has proven its superior per- 
formance in tubes, weatherstrips, ra- 
diator hose, shock absorbers and count- 
less other automotive applications. 
Imagine the outstanding selling op- 
portunity of new cars equipped with 
Butyl tires. One short demonstration 
ride can prove all these unique fea- 
tures. Butyl tires hug the road so well 
you can’t make them squeal, at any 
corner, at any speed, at any stop. So 


effective is their traction they stop 
up to 30% quicker than ordinary tires 
even stop faster on wet surfaces 
than other tires do on dry. And because 
Butyl absorbs shock energy better, 
tires of Butyl flow over bumps, mini- 
mize shock, vibration, and noise. 
Now the wide range of Butyl com- 
pounds gives new freedom to tire de- 
signers and product designers in every 
industry. Let us show you how Buty! 
can help you make better products. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. 
Akron « Boston « Charlotte « Chicago « Detroit « Los Angeles « New Orleans « Tulsa 
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For complete information— Write or 
phone your nearest Enjay office. 
Enjay’s extensive laboratories and 
expert staff are always glad to pro- 
vide technical assistance on request. 





... performance 


beyond the 
usual... 


Design of high-speed precision 
machinery often calls for bearings 
which offer the utmost in load ca- 
pacity, “hot hardness”, dimensional 
stability. Each machine presents its 
own exacting requirements. 

Fulfillment of unusual requirement 
combinations is a specialty at Roll- 
way. Your selection of exactly the 
right precision radial cylindrical 
roller bearing is assured by: 

@ A broad range of types and sizes. 
& 0 LLW A M numbered in the thousands 


@ Retainers of standard bronze or 


“Rollube” ferrous alloy, in roller- 
riding, land-riding, or broached 
construction 


@ Crowned rollers 


BEARINGS @ Modification of any factor to meet 
your application 


To further implement your choice, the Rollway 
Catalog and Engineering Data Book contains the 
first listing, by any manufacturer, of the thrust 
capacities of cylindrical radial roller bearings. 


ROLLWAY BEARING CO.., Inc., Syracuse 1. N. Y. 


TO te 
Sis 
Mi , 
lhe) 
ie 


AA 


ENGINEERING OFFICES ROLLER BEARINGS 


Syracuse ¢ Boston « Chicago 
Detroit « Pittsburgh « Seattle 
Cleveland « San Francisco 
Houston « Los Angeles 
Philadelphia « Toronto 


150 SAE JOURNAL, JULY, 1959 





Euclid Twin Power Scraper model TS-24 scrapes up 
40-ton payloads on the run.. 


. depends on four 


axles made of 4340 steel. Product of Euclid Division, 
General Motors Corporation, Cleveland 17, Ohio. 


The power to scrape up 40-ton payloads on 
the run...delivered by 4340 steel axles 


Euclid’s Twin Power Scraper has 4 
axles which deliver a total of 518 hp. 


300 hp are transmitted through 
tractor axles, 218 hp through the 
separately powered scraper axles. 


They deliver this power reliably 
despite the shock loads and high 
cyclic stressing of year-after-year of 
off-road punishment. 

They deliver power so reliably be- 
cause they’re made of nickel-contain- 
ing 4340 steel heat treated to a 
strength of 240,000 psi, by Euclid’s 
supplier, U.S. Axle Co., Pottstown, Pa. 


Heat treatable to a wide range 
of tensile strengths 

By heat treatment, 4340 steel can 
provide an exceptionally wide range 
of tensile strength. For example, 
U.S. Axle through-hardens 4340 
steel shafts in strengths from 
150,000-240,000 psi . . . shafts that 
are tough, ductile, and fatigue- 
resistant throughout. 


Other severe-duty automotive parts 
get extra strength from 4340 steel 
Many severe-duty automotive parts 
gain this same good combination of 


extra strength, hardness, toughness, 
fatigue resistance when made of 
4340 steel. Parts such as drive axles 
in quarry trucks, king posts in road 
rollers, crankshafts in racing cars. 

Are you looking for trouble-free 
performance from heavily stressed 
parts? Perhaps 4340 nickel alloy 
steel will be the answer. It’s readily 
available from Steel Service Centers 
across the country. Ask us for more 
information. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street sko, New York5,N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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THE GREAT STRENGTH OF 


NAXIRA 


( N-A-XTRA is the best low-alloy, extra high-strength steel you can 
buy. Heat-treated, fully quenched and tempered, it’s now available 
in minimum yield strength levels of 80,000—110,000 psi. This is 

nearly three times the strength of ordinary carbon steel. 
The great strength of N-A-XTRA gives engineers and designers a 
unique opportunity to eliminate bulky, useless dead weight from 





finished products. Production men will delight in its superior form- 
ability and superb weldability. Send today for our illustrated brochure 
on N-A-XTRA HIGH-STRENGTH steel. Great Lakes Steel Corporation, 
Detroit 29, Michigan, Dept. F-8. 


AXIRA 
GREAT LAKES STEEL 
4 srvison OF manoNaL saa comronanon 
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The Design of Economy 


The bridge between the automotive and aviation industries is made, at Holley, in the 

engineering and research department. Here, Holley engineers are often working on the 

completely dissimilar economy problems of increasing miles per gallon, efficiency of 

automotive engines and decreasing the tons-per-hour consumption of jet engines. 

These teams of engineering specialists, including truck engineers, are able to maintain a 

remarkable degree of coordination considering their vastly different problems. 
Generally, Holley aviation customers benefit from engineering designs created to 

take advantage of manufacturing shortcuts that are the backbone of the automotive 

industry. In turn, automotive and truck customers find design improvements in their 

products resulting from basic research and experience in the aviation industry. 11955 E. NINE MILE RD 
This kind of coordination and experience is another reason why Americans on the : WARREN, MICH. 

move have depended upon Holley products for more than half-a-century. 








LE RD. 
MICH. 


** Automatically installed, these Heh-Coil® Screw-Thread Inserts 
give Ford aluminum housings permanent steel threads.”’ 


Automatic, high-speed machines are installing these Heli-Coil 
steel wire thread inserts on Ford production lines right now. 
Designed and built by Heli-Coil engineers, they automatically 
position and install three inserts in an aluminum transmission 
housing in seconds. 


Heli-Coil Inserts give aluminum threads the strength of steel 
for the life of the unit. Without them, tapped holes in the 
starter mounting pad would have been too soft to resist wear 
under vibration, impact and occasional removals of the 
starter for service. 


Use of Heli-Coil steel inserts opens up new design possibilities 
for your light metal assemblies — and automatic equipment 
can be built to meet your exact requirements! Here’s what 
Heli-Coil Inserts will do for you — 


®@ hold screws or studs secure under impact and vibration 


® prevent thread wear, stripping, corrosion, galling and 
seizing even in soft metals 


®@ allow repeated assembly and disassembly without loss 
of thread strength 


® permit use in standard proportion bosses without need 
for redesign 
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@can be specified for a complete range of U.N.C. and 
U.N.F. thread sizes as well as spark plug and pipe thread 
series 

® save assembly time, space, weight and cost 


For complete design data on Heli-Coil Screw-Thread Inserts, 
clip and mail the coupon. 


¢> HELI-COIL CORPORATION 


DANBURY, CONNECTICUT 


ne HELI-COIL CORPORATION 
| 3607 Shelter Rock Lane, Danbury, Conn. 
* 

i 

' 
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Send complete design data on Heli-Coil Screw-Thread Inserts 
in ih dh tc Sin al a i ak Sian neha cateamnseeli 
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IN CANADA: W. R. WATKINS CO., Ltd., 41 Kipling Ave.,S.,Toronto 18, Ont. 
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New from THOMPSON’S Michigan Division 
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The PLANE 


America’s newest production 
bomber, the Convair B58 
Hustler. This delta-wing jet 
employs an area-ruled fuse- 
lage for supersonic regime 
efficiency, and has reportedly 
been flown in excess of Mach 2 
at 50,000 feet. Engines are 
four J 79’s, in pods below the 
wings. 


The PROBLEM 


Sealing and cushioning vacu- 
um tubes in cooling air ducts 
for the B58 Fire Control Sys- 
tem, designed and produced 
by The Emerson Electric 
Manufacturing Company. Dif- 
ficulties involved include heat 
—the sub-miniature tubes 
operate as high as 350 F— 
and severe cold when the units 
are inactive during flight. 
Protective material must 
stay resilient despite these 
extremes. 


The PART 


----o LATTE 


Tubes and other electronic equipment 
in the B58 are cushioned by molded 
parts of Silastic®, the Dow Corning 
silicone rubber. Silastic stays 
rubbery, has excellent electrical 
properties. 


TYPICAL PROPERTIES OF SILASTIC MOLDED PARTS 


ee a a Eee A SO Se ce 





Temperature range, °F ______- —130 to 500 
Tensile strength, psi _.__-_-_- 600 to 1400 
Mt lied tsnentn ciel 150 to 500 
Electric strength, volts/mil _.. 300 to 500 


For further information write Dept. 9119. 


Dow Corning 


CORPORATION 
MIDLAND. MICHIGAN 
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New from THOMPSON’S Michigan Division 


BALL JOINT 
SUSPENSIONS 
HELP MAKE 
TRUCK STEERING 
ACCURATE 

AND EASIER 















Now in use on a leading line of trucks is 
Thompson’s new heavy-duty ball joint sus- 
pension. This is basically the same revolution- 
ary Michigan Division development that has 
been widely adopted by passenger car manu- 
facturers. 

Thompson ball joints on trucks make steer- 
ing accurate, precise and easier. Maintenance 
costs are reduced. 

Here is another example of the progress that 
Thompson’s Michigan Division has made in 
helping the automotive industry build better, 
customer-pleasing vehicles at lower costs. For 
complete details, call JEfferson 9-5500, or 
write us at 34201 Van Dyke, Warren, Mich. 


/ . THOMPSON PRODUCTS MICHIGAN DIVISION 
Thompson Ramo Wooldridge inc. « 34201 Van Dyke Ave. 


AUTOMOTIVE GROUP / P Warren, Michigan 
f ote * 


THOMPSON PRODUCTS | THOMPSON PRODUCTS | THOMPSON PRODUCTS THOMPSON PRODUCTS 











THOMPSON PRODUCTS 
LIGHT METALS 
DIVISION 


MICHIGAN DIVISION VALVE DIVISION RAMCO DIVISION MOTOR EQUIPMENT 
MANUFACTURING DIVISION 
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DELIVERED —thousands 
of missile APUs 





1. Solid propellant—hydraulic output 2. Liquid propellant —hydraulic and electric output 3. Solid propellant —electric and mechanical drive output 
4. Liquid propellant—hydraulic and electric output 5. Solid propellant—hydraulic and electric output 
6. Solid propellant—hydraulic, electric and steering outputs 


AiResearch has designed, developed, 
manufactured and delivered thousands 
of missile accessory power units. Ex- 
tremely reliable and lightweight, these 
various solid and liquid monopropel- 
lant APUs are completely self-sustain- 
ing within the missile system. Designed 
to minimum space and weight require- 
ments, they are built to withstand high 
G loading and severe temperature 
extremes. 

The several units pic- 





tured above provide hydraulic, elec- 
trical and/or steering surface vontrol 
depending on the customer's require- 
ment. Delivered horsepower ranges 
from 1.2 to 35 h.p. over hot gas oper- 
ating durations from 30 seconds to 20 
minutes. Electrical regulation is main- 
tained as closely as + 4%. A significant 
advance in missile APUs is unit #6 
pictured above. This package repre- 
sents the first integrated hydraulic and 
electrical power unit providing 


a steering surface actuation system. 

These tailored systems utilize the 
extensive hardware experience and 
complete laboratory, test and produc- 
tion facilities of AiResearch needed 
for quick and efficient quantity 
production of complex APU systems. 
AiResearch is the world’s largest and 
most experienced manufacturer of 
lightweight turbomachinery — the key 
component of its APU systems. Your 
inquiries are invited. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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DOUBLE-REDUCTION “REDUCTION 
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Hypoid Double-Reduction Gears Make 


TIMKEN-DETROIT HEAVY-DUTY TANDEMS 


firet in performance, long lite and low maintenance cost! 


Timken-Detroit Heavy-Duty Tandems with Hypoid 
Helical Double-Reduction Gears give you payload lead- 
ership, long trouble-free service, economical perform- 
ance. Here’s why — 


True Double-Reduction. Two full sized gear sets form a 
balanced power train with each gear set accomplishing 
a healthy reduction. Husky hypoid first reduction gears 
and wide faced helical second reduction gears combine 
to form a rugged double-reduction drive that will out- 
perform all others. 


Widest Choice of Axle Ratios. Timken-Detroit “balanced 
design” full double-reduction does not limit the sec- 
ondary gear set to a fixed low numerical value which 
depends on primary gear set for all ratio changes. The 
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A, 
hypoid-helical gear arrangement permits a wider range 
of tatios because the numerical value of both the pri- 
marty and secondary ratio gear sets can be varied. 


Top-Mounted Straight Line Drive. Eliminates all prop 
shaft angularity. Bearing and gear life is increased. 
Maintenance costs reduced. Top-mounted position of 
carriers provides main drive shaft alignment — ideally 
suited for short wheel base trucks or tractors. 


Driver Controlled Inter-Axle Differential. Divides 
torque equally between axles, yet compensates for any 
differential of speed between the axles. Both axles are 
always doing equal amounts of work .. . can be locked 
out at any speed when poor traction conditions exist. 


Tough, Torsion Flow Axle Shafts Are Best By Any Test. 
Don’t be misled . . . patented Torsion Flow Axle Shafts 
are still the best available to the American Trucking 
Industry. Comparison tests prove that Timken-Detroit 
Axle Shafts, spline diameter for spline diameter, are the 
toughest ever made. 


World's largest manufacturer of axles 
for trucks, buses and trailers 


©1959, R-S Corp. 
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ENGINEERED BY GENERAL MOTORS 
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Harrison Evaporator Cuts Pollen Count .. . 


98% 


Harrison's air conditioning evaporator not 
only efficiently cools and dehumidifies the 
air, but traps and washes away 98% of all 
pollen. This was conclusively proved in a 
series of laboratory tests conducted by one 
of the nation's leading authorities on pollen. 
These tests verify the findings of GM re- 
search engineers in a series of road tests. 


COP CO CRORE ORS eee RETR EEE eeeeeeee 
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ARRISON 


Harrison Air Conditioning ... another 
great “Temperatures Made to Order” 


feature for the modern car! 


Imagination in action! From the creation of custom air 
conditioning for America’s finest cars to the manufacture of 
millions of tiny thermostats, Harrison has demonstrated outstanding 
leadership in the automotive temperature control field. Harrison 
is a pioneer in the perfection of modern automotive 

radiators, thermostats, heaters, defrosters and transmission 

oil coolers. Now one of the spotlight products is the industry's 
most talked-about comfort feature—automotive air conditioning! 
And it is only natural that Harrison takes the lead here too. 

For every Harrison product is backed by nearly a half century of 
engineering experience, research and production in the 
automotive heat transfer field. If you have a heating or 

cooling problem, look to Harrison for the answer. 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
AUTOMOTIVE RADIATORS « OIL COOLERS « THERMOSTATS « AIR CONDITIONERS e HEATERS e DEFROSTERS 
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DONT HOPSCOTCH 


or 
0 OWS Le 


> aaa | for 

quality in 
leather 
packings! 


There are a lot of variables 
in the proper selection of 
leather for packings or oil 
seals. For example, what 
section of the hide is best 
for your application? .. . 
How should it be tanned? 
... Impregnated? .. . De- 
signed? . . . Molded? 


The “custom” approach 
is used by IPC for leather 
and synthetic packings. 
Let IPC “in” on your 
problem. Our experience 
and attention to detail can 
give you a winner on your 
first try. It pays to do 
business with specialists. 


OIL SEALS 
PACKINGS 
PRECISION MOLDING 


Custom designed 
...» for your application 


INTERNATIONAL PACKINGS’ <orr oration 


Bristol, New Hampshire 
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SOUTHWEST 


a 


SELF-ALIGNING BEARINGS 


PLAIN TYPES ROD END e INT. 
=) PATENTED U. S.A. 


World Rights Reserved 


















CHARACTERISTICS 





ANALYSIS oe USE 
Stainless Steel Ball and Race { For eh ooeren thio ae ae FD. 
Chrome Alloy Stee! Ball - types operating under 000 the ee 
ond Race timate loads ( 





Bronze Race and Chrome {or treesopwetng under normal oad 
Steel Ball with minimum friction requirements. 






Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. Write for Engineering Manual No. 551.Address Dept. SAE5S9 


hdd PRODUCTS CO. 


) MOUNTAIN AVE.. MONROVIA Tat ain: 




























we suggest a 


A complete line of carburetion 
equipment — Original equipment 
or Field Conversion — LP-Gas 
only, or dual fuel operation — any 
size engine — Fork Lifts, Tractors, 
Trucks, Taxis, Busses, Automobiles, 
Stationary. 


Fer ‘‘ne obligation" consultation 
<p a; at ean tee 


BEAM PRODUCTS MFG. CO. 
3040 Ressiyn St., Les Angeles 65, Calif. 
CHapman 5-5791 













MECHANICAL 
DESIGN ENGINEERS 
Earthmoving experience, with successful record 






in design and development of heavy mechanical 
equipment, crawler tractors, bulldozers, winches 
and tractor attachments. 

Work includes layout and design of heavy ma- 
chinery for construction and mining. 

Permanent positions open, for these qualified, 
with one of the nation’s fastest growing heavy 
machinery manufacturers. 

Location — Salt Lake City, Utah — in the moun- 
tain West, where you can breathe clean air, 
and drive from home to work in less than 20 
minutes 












Send Complete Information and 
photograph to Dept SX8 


THE EIMCO CORPORATION 


P O. Box 300, Salt Lake City 10, Utah 













PRODUCT ENGINEERS 


Midwest manufacturer of agricultural and earth-moving tractors 
requires three product engineers. 
After orientation period will be required to handle major design 
assignments (planning, supervising, keeping progress records, issu- 
4 a. Work will entail liaison with other departments and 
ide vendors and occasional trips in connection with sales and 
ele programs. 
We are looking for graduate engineers with about 5 to 15 years 
experience. Must have good grounding in fundamentals with spe- 
cialization in at least one of the following: diesel engines, heavy 
duty drive lines and transmissions (sliding gear and clutch types), 
automotive electricity, engineering materials, and vehicle structure. 
Salary commensurate with ability and experience. Many employee 
benefits. Must be willing to relocate. 


Send complete resume and recent photograph. Replies will be 
held in strict confidence. Address replies to: 
BOX 189, SAE JOURNAL 
485 Lexington Ave., New York 17, N. Y. 
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LOW PRESSURE DROP 
OIL BATH AIR FILTER 


for turbocharged engines, compressors, blowers 


The Air-Maze Type LPD (Low 
Pressure Drop) oil bath air filter 
makes possible low static pres- 
sure loss operation without any 
outside energy or moving parts 
whatever. As a result, it offers 
particular benefits in cleaning of 
intake air on turbocharged sta- 
tionary engines, since pressure 
losses of silencers, piping, elbows 
and air cleaners are additive. 


Built specifically for larger range 
air flows, it offers resistances as 
low as 1” of water. As shown in the illustration, oil- 
scrubbing of intake air is accomplished by reversing 
the conventional oil and air current. Thus, low pressure 
loss is attained without sacrifice in efficiency, or oil wash- 
ing action. There are no moving parts. Service is limited 
to occasional draining and cleaning of an oil sump. 
Available in sizes from 800 to 16,500 cfm. Write for 
Bulletin LPD-1055. The Air-Maze Corporation, Dept. 
SJ-7, Cleveland 28, Ohio. 
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~s+e+..1TOday the 
proudest cars 
on the road 
glisten with 
Olin Aluminum 


The exciting Ford Thunderbird 
is an example. Quality Olin 
Aluminum is going into the man- 
ufacture of most of the fine new 
cars. Bright, light aluminum re- 
sists corrosion, won’t rust. No 
other metal gives car owners 
such lasting satisfaction. Olin 
Aluminum, in its first year as a 
major producer, is already a basic 
source of supply for the great 


names in the automotive industry. 
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lf Your Product Uses Seats... 


PIONEER ROAD KING 


SENTRY MONARCH 


HEALTHWAY 


UTILITY PANEL CRAFT 


Select Advanced Styling 


Custom-designed seats, made exclusively for your 
mobile equipment, will keep your fine products years 
ahead in eye and sales appeal. 


Maintain Proved Quality 


Expert craftsmanship and thorough inspection assure 
you of the exact type of controlled-quality that will 
provide you with every profitable advantage. 


Specify Unmatched Engineering 


Our skilled engineers, all highly-qualified to give you 
complete recommendations, may hold the answer to 
your seating design and production problems. 


Write, Call or Wire for Specific Data 


MILSCO MANUFACTURING COMPANY 


2728 North 33rd Street @ Milwaukee, Wisconsin 


ALLIED EQUIPMENT ENGINEER 


Equipment engineer wanted by midwest crawler tractor manufac- 
turer to head new division of product engineering department 
covering design of allied equipment. 


To be responsible for development of new line of front end load- 
ers, dozers, and related allied equipment. Must perform market 
research, survey comoetitive equipment, initiate and supervise 
design, make recommendations to management concerning addi- 
tions to or changes in our line of equipment. 


Must have extensive design and field service experience wit 
crawler tractor mounted equipment. Prefer graduate engineer but 
consideration will be giver for equivalent in experience. 


This is an unusual opportunity for person with initiative. Must be 
will'ng to relocate. 


Salary commensurate with ability and experience. Many employee 
benefits available 


Send c-mblete resume and recent photograph. Replies will be held 
in strict confidence. Address replies to: 


BOX 190, SAE JOURNAL 
485 Lexington Ave., New York 17, N. Y. 


7 NEW and 9 REVISED 
Aeronautical Standards & Recommended 
Practices 


were Issued 


Feb. 1, 1959 
18 NEW and 32 REVISED 
Aeronautical Material Specifications 


were Issued 


June 15, 1959 


For further information please write 


SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
485 LEXINCTON AVE., NEW YORK 17, N. Y. 


IN 
PERFORMANCE 


IN 
No.1 DURABILITY 


IN 
ECONOMY 


BENDIX ELECTRIC FUEL PUMP 
FOR EVERY INDUSTRIAL USE 


In every type of industrial application, the Bendix* Electric 
Fuel Pump has proved itself with outstanding performance 
under extremely adverse conditions. In tests conducted under 
U. S. military supervision, it has proved itself at temperatures 
ranging from 114° to —76° Fahrenheit. It’s easy to install 
and service, has a built-in pressure release, pumps more 
gallons per hour and positively prevents vapor lock. It will 
outperform any other fuel pump anywhere near its price. 


Write for descriptive folder and specifications. seg. us. par. ovr: 


Bendix-Elmira, Nn.y. 


ECLIPSE MACHINE DIVISION 
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the Heat 
Barrier 
With 
Handy & 
Harman 
High 


Temperature Pe 


razing 
lloys! 
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Some of the problems of elevated 
temperature joint strength and 
oxidation resistance in heat-resist- 
ant alloys are being solved today 
by a relatively new group of Handy 
& Harman high temperature braz- 
ing alloys. These alloys embody 
certain unique characteristics, all 
of which are requisite for high 
temperature brazing: 


e They have good strength 
and oxidation resistance at 
recommended temperatures. 


e They are ductile, with the 
ability to withstand vibra- 
tion and stress at elevated 
temperatures. 


e These Handy & Harman 
alloys provide minimum so- 
lution and penetration of 
the metals being joined; this 
is a particular advantage 
when joining thin sections. 


¢ These alloys effectively join 
stainless steels, low alloy 
steels, nickel-base alloys, 
cobalt-base alloys and other 
high temperature metals in- 
cluding refractory types. 


The list of successful applications 
includes jet engine parts, heat ex- 


LITHOBRAZE 925 
HI-TEMP 30 

PREMABRAZE 128 
PREMABRAZE 130 


PREMABRAZE 101 


changers, rocket motors, clad 
metals, honeycomb structures, tur- 
bine blades and many others. The 
following are brief descriptions of 
these Handy & Harman alloys: 


[uensgenazs 229) For short time 
operation to 900° F, continuous 


at 500° F. Very ductile, virtually 
no solution of base metal. Good 
salt-spray corrosion resistance. 


For continuous serv- 
ice 900° F-1000° F. Fairly duc- 
tile, moderate general solution 
of base metal. 


[PREMABRAZE at Continuous 
service up to 1500° F. Ductile, 
moderate solution of the base 
metal. Tensile strength at 1600° 
F in 304 stainless steel is 20,000 
psi (short time test). 


Same proper- 
ties as PREMABRAZE 128, but 
freer flowing and lower brazing 
temperature. 


Continuous op- 
eration in 1800° F-2000° F range 
(based upon limited oxidation 
tests). Ductile, moderate solu- 
tion and penetration of the base 
metal. 


Nominal 
Composition 


Data sheets and complete details on each of the above Handy & Harman 
alloys are available upon request to Handy & Harman, 82 Fulton Street, 
New York 38, N. Y. 


Source of Supply and Authority on Brazing Alloyse::: =»: 


SRIOGE PORT Conn 
PROVIDENCE # i 
CmIChso. HL 


HANDY & HARMAN Sic: 


LOS ANGELES. Cacir 


General Olfices: 82 Fulton $t., Mew York 38, WM. V. — cancano. cave 


DISTRIBUTORS IM PRINCIPAL CITIES 


TORONTO, CAnADA 
MONTREAL Canaca 
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KNOW YOUR ALLOY STEELS... 
| | This is the second of a series of advertisements dealing with 

basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it useful to review fundamentals from time to time. 































Effects of Elements 
Used in Alloy Steels 





To simplify a rather complex subject, 
of the 


effects of four leading alloying elements 


let’s outline some individual 


used in alloy steels: 


Nickel—One of the fundamental 
alloying elements, nickel provides such 
properties as deep hardening, improved 
toughness at low temperatures, low 
distortion in quenching certain types 
of tool steels, good resistance to cor- 
rosion when used in conjunction with 
chromium in stainless grades, and ready 
methods of 


response to economical 


heat-treating. 


Chromium—This element is used ex- 


tensively to increase the corrosion- 
resistance of steel. It also improves the 
surface resistance to abrasion and wear. 
It exerts a toughening effect and in- 


creases the hardenability. 


Molybdenum—This element exerts 
a strong effect on the hardenability 
and toughness of steel. It greatly in- 
long-time 


creases short-time and 


strength at high temperatures. 


Vanadium—An element used to 


refine the grain and enhance the me- 


chanical properties of steel. 





BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 





A combination of two or more of 
the above alloying elements usually 
imparts some of the characteristic prop- 
erties of each. For example, chromium- 
nickel grades of steel develop good 
hardening properties with excellent duc- 
tility. And chromium-molybdenum 
steels develop excellent hardenability 
with satisfactory ductility and a certain 
amount of heat-resistance. In other 
words, the total effect of a combination 
of alloying elements is usually greater 
than the sum of their individual effects. 
This interrelation must be taken into 
account whenever a change in a speci- 
fied analysis is evaluated. 

Bethlehem metallurgists can be of 
considerable help to you in selecting 
the proper alloy steel for any use. 
These men will gladly give unbiased 
advice on alloy steel analysis, heat- 
treatment, machinability, and expected 
results. Feel free to call upon them at 
any time. 

And please remember, too, that Beth- 
lehem manufactures all AISI standard 
alloy steels, as well as special-analysis 
steels and the full range of carbon 
grades. You can rely upon their quality, 


always. 


Export Distributor: Bethlehem Steel Export Corporation ay a 
n 


BETHLEHEM STEEL 


sat 
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Rasionam offers 
INDUSTRIAL 
SWIVEL CONNECTOR 


to eliminate hydraulic hose 
failure under severe flexing 
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licensed Under 
Pat. No. 2481404 


"7/0 


Mi (0 


Tr you have been designing ‘‘ around” metal swivel joints 
because of high cost, EASTMAN now offers an economical 
swivel connector for industrial use—precision engineered 
to assure adequate freedom of motion—proved under the 
most rigid government requirements. 


Unique design assures “‘ balanced”’ flow of hydraulic fluid 
at required pressure—at any angle. Fluid pressure is also 
balanced by a double seal assembly at each end of stem. 
Pressure-Balance assures equal internal pressure, causing 
the body to float about the stem, free of end load and friction. 


Eastman Swivel connectors will make your flexing instal- 
lations the most reliable link in your Hydraulic Assembly. 


APPLICATIONS: 

For use on Cranes, Loaders, Earth Moving Equipment, Hydraulic Presses, 
Shears, etc.—wherever unusual flexing and exposure may shorten hose 
life or cause premature failure and frequent replacement. 


ECONOMY: 

Permits use of shorter hose lengths since less hose allowance is 
needed for complete extension. Shorter lengths of longer lasting, 
multiple spiral wire high pressure hose may be used, since 
Swivel Connector absorbs flexing motion. 


ADAPTABILITY: 

Body of Connector available with any combination of ends. 

Now available in types and sizes shown at left. Various combinations 
of stems can be interchanged with any body style. 


WRITE, WIRE or CALL about Eastman Swivel 
STANDARD SIZES AND COMBINATIONS AVAILABLE Connector Opportunities in Your Line. 
® 


LOW TORQUE—Freedom from friction, even under high pressure. Ra ast ease 


WIDE RANGE—Operating pressures up to 5000 PSI. Trouble-free 


operation through wide temperature range. MANUFACTURING COMPANY 


Dept. SAE-7, MANITOWOC, WISCONSIN 
ROTATION—Ful! 360° for all manifolds. 


$1ZeS—Steel, plated for corrosion protection—%4”’ thru 1%”. SAFEGUARDING AMERICA’S LIFELINES OF MOBILE POWER 
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+ INDEX TO ADVERTISERS + 


A 
AC Spark Plug Div. 

General Motors Corp. 
Ainsworth Precision Casting Co. 
Air-Maze Corp. 

AiResearch Mfg. Corp. 
Allegheny Ludlum Steel Corp. 


Beam Products Mfg. Co. 


Bendix Aviation Corp. 
Eclipse Machine — Fuel Pump 


Products (General Sales) 


Bendix Westinghouse Automotive 
Air Brake Co. 144, 


Bethlehem Steel Co. 


Borg & Beck Div., 
Borg-Warner Corp. 
Bower Roller Bearing Div. 
Federal-Mogul-Bower Bearings, 
Inc. 
Bundy Tubing Co. 130, 


Cc 
Caterpillar Tractor Co. 


Cleveland Graphite Bronz2 Co. 
Div. Clevite Corp. 


Continental Motors Corp. 


D 
Delco Radio Div., 
General Motors Corp. 


Delco Remy Div., 
General Motors Corp. 


Dow Corning Corp. 


E 
Eastman Mfg. Co. 
Eaton Mfg. Co. 
Pump Div. 
Saginaw Div. 
Eimco Corp. 


Electric Autopulse Div., 
Walbro Corp. 


Engineering Castings, Inc. 
Enjay Co., Inc. 


F 


Federal-Mogul Div., Federal- 

Mogul-Bower Bearings, Inc. 
Firestone Tire & Rubber Co. 
Fram Corp. 
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G 
Garlock Packing Co. 
Globe-Union, Inc. 


Goodyear Tire & Rubber Co. 
Aviation Products 


Metal Products 
Great Lakes Steel Corp. 


H 


Handy & Harman 


Harrison Radiator Div., 
General Motors Corp. 


Hartford Machine Screw Co. 
Div. Standard Screw Co. 


Heti-Coil Corp. 
Holiey Carburetor Co. 


I 


International Harvester Co 
International Nickel Co. 
International Packings Corp. 


J 


Johnson Bronze Co. 
Johnson Products, Inc. 
Jones & Laughlin Steel Corp. 


K 


Kelsey Hayes Co. 
Keuffel & Esser Co. 


L 
Lipe Rollway Corp. 


M 
McLouth Steel Corp. 
Marquarat Aircraft Co. 
Mather Spring Co. 


Mechanics Universal Joint Div. 


Borg-Warner Corp. 
Midland-Ross Corp. 
Milsco Mfg. Co. 


N 


National Seal Div., Federal- 
Mogul-Bower Bearings, Inc. 


New Departure Div., 
General Motors Corp. 


oO 
Olin Mathieson Chemical Corp. 163 


P 
Packard Electric Div., 
General Motors Corp. 113 


Perfect Circle Corp. Inside Front Cover 
Pontiac Motor Div., 
General Motors Corp. 21 


R 


Reichhold Chemicals, Inc. 

Rockford Clutch Div.., 
Borg-Warner Corp. 

Rockwell Standard Corp. 
Transmiss.on & Axle Div. 

Rollway Bearing Co. 

Ross Gear & Tool Co., Inc. 


S 


A. Schrader’s Son 
Southwest Products Co. 
Stackpole Carbon Co. 
Stratofiex, Inc. 


T 
Thompson Ramo Wooldridge, Inc. 
Michigan Div. 157 
Ramco Piston Ring Div. 147 


Timken Roller Bearing Co. 
Outside Back Cover 


The Torrington Co. 22 
Tung-Sol Electric, Inc. 136 
Tyrex, Inc. 114 


U 


United States Gasket Co. 


U. S. Rubber Co., 
(Naugatuck Chemicals) 


Ww 
Wagner Electric Corp. 134 
Waukesha Motor Co. Inside Back Cover 
Webster Electric Co. 142 
Western Felt Works 10 


XYZ 
Young Radiator Co. 129 
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Do You Have 
Aluminum 
Cylinder Head—aches? 


Poe a number of years Eaton has been working on the special problems 
posed by the design and production of aluminum engines—particularly 
in the field of hydraulic lifters, tappets, valves, valve seat inserts, and 
replaceable valve guides. 


The knowledge and data developed by Eaton research and experimenta- 
tion are at your disposal. Eaton engineers will welcome an opportunity 
to make suggestions that may be just the “cure” you're looking for. Why 
not call on us now. 


——————- SAGINAW DIVISION ———————- 
MANUFACTURING COMPANY 
9771 FRENCH ROAD + DETROIT 13, MICHIGAN 
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DELCO POWER TRANSISTORS 


J 
ff "LAO R 
= 


cS 


MILITARY 
COMMERCIAL 


TYPICAL CHARACTERISTICS AT 25°C 


iniieis kis aseai ae 60! 60 80 Delco Radio announces new PNP 
Seine SiS Se volts germanium transistors in 2N553 

series —the 2N297A and 2N665, 

HFE (Ic =0.5A) (Range) | 40-100 40-100) 40-80 | 40-80 decigeitn:vinaiiadibbinis asian. 
WE 0. <2) Otte.) | 20 20 20 tions. These transistors are ideal as 
7, a voltage and current regulators be- 

he: £0 wottes 25°C) Gen) cause of their extremely low leakage 
oe ries | 30 ye current characteristics. All are 
2 highly efficient in switching circuits 

and in servo amplifier applications, 

and all are in volume production! 

Write today for complete engineer- 


ing data. 
C 


leg (30 volts, 71°C) (Max.) 





Therm Res. (Max.) 





*mil. T 19500/36 (Sig. C.) 
**mil. T 19500/58 (Sig. C.) 


NOTE: Military Types pass comprehensive electrical 
tests with a combined acceptance level of 1%. 


DELCO RADIO 


Division of General Motors + Kokomo, Indiana 


BRANCH OFFICES 
Newark, New Jersey Santa Monica, California 
1180 Raymond Boulevard 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 
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.-OR ANY RUN 


PETERBILT truck—tire size: 10:00 x 20; rear axle ratio: 5.91; gross vehicle 
weight: 76,800 Ibs.—is powered with Waukesha 145-GZB engine. 


where the pay-off 
is on pay-load 


Short runs or long hauls—the pay-off is on 
ae gos ty Page a pay-load that gets there faster. A rare combination 
a ee ee tee of extra power plus extra speed, with rugged 
in. displacement, up to 260 hp at 2400 rpm. reliability—the Waukesha 145-GZB High Output 
Engine keeps trucks on schedule with day-after-day 
all-ways-dependable regularity. It’s a high 
compression, overhead valve gasoline engine with 
interchangeable cylinder heads, removable wet sleeve 
WAUKESHA MOTOR COMPANY cylinders, water-heated intake manifold, vibration 
dampener, heavy-duty aluminum pistons, 7-bearing, 
3%-inch crankshaft fully counterbalanced 
Now Vers « Vutes © Les Angetee and many other fully-proved features, 
Factories: Waukesha, Wisconsin and Clinton, lowa all detailed in Bulletin 1553. 


WAUKESHA, WISCONSIN 
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Everything’s changed 
but the name on the bearings 


In 1899, the first car equipped with Timken® bearings took 
to the road. Today, every American make of car but one 


rolls on Timken tapered roller bearings. 


And there’s a new kind of bearing in today’s power cars. 
It’s the latest step in Timken bearing engineers’ drawing 
board to drawing board partnership with the auto industry. 
It’s a smaller, lighter bearing to cut unsprung weight. A 
more uniformly precise bearing to cut warranty costs. 
Capacity packed to take the heavier loads of today’s 
luxury cars. We even make our own steel—which no 
other American bearing manufacturer does—to make 
sure we start with the best. And it’s nickel-rich. 

And with unique manufacturing techniques developed 
at our ultra-modern plant in Bucyrus, Ohio, Timken 
bearings have held the cost line against rising inflation 


while delivering a new high in uniform quality. See chart 


below. The Timken Roller Bearing Company, Canton 6, 
Ohio. Cable: ““Trmrosco”. Makers of Tapered Roller Bear- 
ings, Fine Alloy Steels and Removable Rock Bits. 
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Timken bearing price index | 
160 + Gams Timken Company labor cost index 


| Str Passenger cars 
150 + All series ore indexes, bose !95!*100 


| “BLS wholesale prices 
140 } t 
130 } 
120 } 


110 } 





1951 1952 1953 1954 1955 1956 1957 1958 1959 


Mm TOTAL VEHICLE if PINION, OUFFERENTIAL REAR AND FRONT WHEEL BEARINGS 


® TAPERED 
\ ROLLER 
BEARINGS 





